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CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1913. 



PART II. MINERAL FUELS. 



M. R. Campbell and David White, Geologists in Charge. 



INTRODUCTION. 

This Tolume is the eighth of a series that includes Bulletins 316, 
341, 381, 431, 471, 531, 541, and 581, "Contributions to economic 
geology (Part II)" for 1906, 1907, 1908, 1909, 1910, 1911, 1912, and 
1913, respectively. Previous to 1906 the annual "Contributions" 
consisted of one part only and papers on mineral fuels were included 
-with the papers on metals and nonmetals except fuels in a single 
volume. These earher volumes are Bulletins 213, 225, 260, and 285, 
for 1902, 1903, 1904, and 1905, respectively. 

As the subtitle indicates, the papers included are of two classes — 
(1) short papers giving comparatively detailed descriptions of 
occurrences that have economic interest but are not of sufficient 
importance to warrant a more extended description; (2) preliminary 
reports on economic investigations the results of which are to be 
published later in more detailed form. These papers are such only 
as have a direct economic bearing, aU topics of purely scientific 
interest being excluded. They have been grouped according to sub- 
jects or general regions and each group has been issued as an advance 
chapter as soon as it was ready. 

Brief abstracts of the Survey's pubhcations of the year are given in 
the annual report of the Director, The complete list of Survey 
publications affords, by means of finding Usts of subjects and of 
authors, further aid in ascertaining the extent of the Survey's work 
in economic geology. 
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PETROLEUM AND NATURAL GAS. 



OIL SHALE OF NORTHWESTERN COLORAIX) AND NORTH- 
EASTERN UTAH. 



By E. G. Woodruff and David T. Day. 



INTRODUCTION. 

It has been known for many yeara that highly bituminous shde, 
or oil shale, occurs in the Green River formation of the Uinta Basin 
in Colorado and Utah. Eldridge,' who studied the gilsonite veins in 
this region in 1901, incidentally mentions the shale. He states that 
the Green River formation includes "shales and limestones, bitumi- 
nous, locally in a degree to be of economic value." Since the publi- 
cation of that paper reports have been current from time to time that 
this shale is rich in petroleum, and that it compares favorably with 
the Scotch oil shale which has been successfully utilized in the com- 
mercial manufacture of petroleum products for half a century. 

In order to determine the geographic distribution and thickness 
of the shale E. G. Woodruff, assisted by W. P. Woodring, carried on 
in the summer of 1913 a reconnaissance survey of a part of the area 
occupied by the Green River formation in Utaii and Colorado and 
in collaboration with D. T. Day made field tests to determine the 
amount of oil and other distillation products that can be obtained 
from the shale. Later Mr. Day made laboratory tests of some of 
the same shale and also examined the oil obtained in the field in 
order to determine Its quality and to see if by better methods of dis- 
tillation its quality could be improved. 

The results of the season's work, though not of such a character as 
to demonstrate the feasibihty of immediate utilization of the shale in 
the production of petroleum, seem to indicate that there is here a 
large reserve supply of oil, which sooner or later will be used to sup- 
plement the product of the well-known oil fields. 

The results of the tests and of the areal distribution and character 
of the shale are here briefly stated in the hope that technologists 
may be interested in the investigation and may actually prove, on the 
ground whether or not the shale can be utilized at the present time. 
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THE SHALE. 
OOCTTSBBNOE AND CHAJIACTEK. 

The areal distribution of the shale has been determined In a general 
way only. In Utah it extends northward from its line of outcrop, 
shown in Plate I, toward the interior of the Uinta Basin, but its 
limits in that direction can only be conjectured because its north- 
ward extension is concealed beneath more recently deposited beds, 
which overlap it unconformably. It is probable, however, that 
bituminous shale imderlies nearly all the deeper parts of the Uinta 
Basin in this State. In Colorado only the southern edge of the area 
was examined, but previous geologic work in adjacent areas to the 
east and north, where the base of the Green River formation has been 
mapped, indicates that the area containijig shale is verysimilar in shape 
to that of the outcrop cf the Green Kiver formation (see PI. I, p. 18), 
though considerably smaller. It is believed that in Utah the greatest 
depth of the shale below the surface in the center of the basin exceeds 
2,000 feet but that in Colorado it is much less. 

Bituminous shale occurs in lenticular beds rangiDg from a fraction 
of an inch to 80 feet in thickness. A continuous exposure of half a 
mile or so generally reveals only a moderate amotmt of variability, 
but the study of a township shows a great range in thickness and lack 
of continuity in the lenses. At some places the shale beds are thick 
and have a fairly uniform content < f bitumen throughout, whereas at 
others the beds are split into many thin members some of which are 
rich in bitumen while others contain only moderate quantities. 

The bituminous shale does not split or break easily but separates 
readily from the associated beds. This ease of separation from the 
adjacent material is an important factor in the development of a 
shale-oil industry, as the shale can thus be readily separated in 
mining from the other material carrying Uttle or no bitumen. 

FHTSICAZ. FBOPEBTIES. 

The shale is light to dark brown, thin but slightly insularly bedded, 
has a velvety luster, and gives when scratched a light-brown streak. 
When examined under a hand lens the streak is seen to have a vi(> 
reous luster, which appears to be produced by a thick fatty sjbstance. 
In many specimens rich bituminous layers alternate with leaner 
streaks. These layers are not cleavable one from another, yet one 
mci^es sharply into the other; consequently it is difficult to separate 
the lean and fat shale in laboratory practice and impracticable in 
commercial processes. The shale is very tough, being split along the 
bedding planes with difficulty, and it strongly resists breaking across 
the stratification. When broken it exhibits splintery edges. From 
hand specimens it is evident that the shale contains considerable 
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bitumen and when hit with a hammer it gives off a petroleum odor. 
A sliver inserted in a flame bums with a sooty smoke and gives an 
odor of burning petroleum. When blocks of the shale are ignited in 
a pile the pieces soften under the effect of the heat and become about 
as plastic as hot asphalt paving. Complete combustion leaves only a 
gray residue, composed mcratly of clay, lime, and sand. 

The major bedding and a large part of the minor bedding are regular, 
but in most of the rich shale there is an irregularity of lamination 
which gives to it a peculiar curly structure like the curling of oak wood 
about a knot. This structure is so well shown in weathered speci- 
mens, as the result of the differential alteration of the fat and lean 
laminie, that such material was called in the £eld " curly shale." The 
"curly shale" was found to be richer in bitumen than the shale com- 
posed of regular and even laminee. Chemical and microscopic exam- 
inations of the shale reveal a most intimate mixture of calcite and 
small quantities of quartz in fine round grains and clay, embedded 
in a mass of macerated vegetable d6bris consisting in part of cells, 
spores, wood, and pollen grains. Some specimens may show the flow- 
age of oil residue, but this has not been conclusively demonstrated. 

The specific gravity of the shale is shown in the following table from 
tests made by W. T. Schaller : 

Spteifie gravity o/bilumiruttu thnU. 

Kimball Creek 1.63 

Do 1.63 

Do 1.66 

Conn Creek 1.52 

Average - 1.60 

When fresh bituminous shale is exposed to the air it changes to a 
light brown and finally, on continued exposure, to gray. Weathered 
samples of the best shale were found to be light gray, whereas less 
rich ones are darker in color. On account of this change of color from 
weathering many persons have been misled, thinking that the darker 
color indicated greater richness than the lighter color. Weathering 
does not seem to have affected the shale deeply, though there are 
some indications that the shale under cover is richer than that along 
the outcrop. 

FIEIJ> TEBTB, 
Field tests were made in a portable still designed by Mr. Day and 
operations were at first carried on under his immediate supervision. 
Mr. Day remained in the field until the apparatus was thoroughly 
tested and then the work was carried on by Mr. Woodruff at various 
places accessible to the railroad where an abundant supply of the best 
shale could be procured. The basic principle of the operation was to 
heat the shale, thus vaporizing the volatile hydrocarbons and destruc- 
tively distilling the other forms of oi^anic matter present in the shale. 
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The distillation products were conducted through a pipe to a con- 
densing coil, where the heavier products were liquefied and conducted 
into receivers and the gases permitted to escape. 

The retort into which the ahale was charged consisted of a section 
of 12-inch iron casing pipe 4 feet long, having flanges screwed on the 
ends and a removable iron plate with asbestos gaskets fitted to each 
end of the retort. On one side of the retort there was fitted a small 
steam dome, a pressure gage, and a safety valve. From the top of 
the dome a pipe led to a block-tin condensing coil in a smaU water- 
filled tank. The coil dischai^ed into Wolfl^ bottles set in series and 
provided with stopcocks so that the liquids could be drawn off without 
interfering with the operation of the condenser. During the opera- 
tion the retort was suspended from iron supports in a narrow trench, 
covered with iron plates and earth, and a flue erected at the back. 
Heat was obtained from a wood fire placed under the retort. 

The operation consisted of removing the head, charging the retort 
with shale broken into pieces not larger than 4 inches in diameter, 
and replacing the head. Fire was started to give a gentle heat at 
first and was gradually increased until the lower part of the retort 
became red hot; then the fire was held constant until near the close of 
the process, when it was increased for a short time and then allowed 
to subside. Water vapor, gas, oil and gas, and finally only gas was 
the order in which the products were obtained. From seven to eight 
hours' heating was required for a charge. The liquid products were 
sealed in cans and shipped to the Washington laboratory. The 
results of the field tests are as follows: 

Retulu of field distillation of ihale. 
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From the table given above it will be seen that the amount of oil 
obtained in the various testa ranged from 10.4 gallons to the ton in 
test No. 5 to 61.2 gallons in test No. 1, the average for the entire 
series being 30.4 gallons. The commercial utilization of the shale as 
a source of petroleum depends upon the quality of the oil produced 
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and the amount and accessibility of the shale. The quahty of the oil 
obtained in the field tests was determined by Mr. Day in the Survey 
laboratory at Washington and the results of hJs examinations are 
given later, together with a brief discussion of ways and means of 
improving results. With regard to the amount of shale, the evidence 
at hand is not so conclusive. The thickness of the bed of shale at the 
point sampled is given in the table. Some of the beds that were 
tested are too thin to be profitably mined under present conditions, 
but they were sampled because of the richness of the shale which they 
contained. If the beds less than 3 feet in thickness are disregarded 
the yield will run from 10.4 gallons in sample No. 5 to 35.5 gallons 
in sample No. 9, the average being 22.5 gallons to the ton of shale. 
As this average will compare favorably with the yield of the Scotch 
oU shale, it seems probable that the shale of Utah and Colorado may 
at tho lowest estimate equal in value that of the well-known shale of 
Scotland from which petroleum has been successfully manufactured 
for a long time. However, the full extent of the geographic distri- 
bution of tho shale and its petroleum content have not been ade- 
quately determined and much additional field work must be done 
before these facta can be fully and satisfactorily known. 

U^OSATOBY TESTS. 

QENEBAL CHECKING TESTS. 

Method ofihe work. — As a check on the field work and also for the 
purpose of making tests which required special apparatus, samples of 
shale were distilled under the supervision of Mr. Day. The labora- 
tory tests included distilling the shale in a regular distilling flask, 
using 100 grams for a charge. Tho flasks were heated electrically in 
the usual way and it was found possible to continue the heating until 
the glass melted. It was found also that when this stage had been 
reached practically all the volatile matter had been distilled from the 
shale, leaving a crumbling dry coke. The gases given off were col- 
lected and also the ammonia water. The percentage of ammonia 
was determined in the general chemical laboratory. Analyses of the 
gases are appended. 

Care was taken in condensing the vapor from the distillation to use 
ice water in the condenser and this is probably the reason why 
slightly larger yields were obtained than in the field tests. 

In selecting material for distillation the entire sample was picked 
over for average specimens, a lai^e number of these were crushed 
down and thoroughly mixed, and tho sample for examination was 
taken from this mixture. 

Test of shale from "asphalt mine," Conn Creek, Colo., in sec. 1, T. 
7 S., R. 98 W, eixA principal mendian.~A sample containing 100 
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grams of the shale from Conn Creek was heated for a period of about 
6 hours. Ab soon as the shale was sufficiently hot to give off mois- 
ture the evolution of gas began. This evolution became more rapid 
and an especially large volume of gas was given off during the last 
period of the distillation. The gas was collected over water in half- 
gallon bottles and sealed for analysis. The bottles were numbered 
in order that the gas from each stt^e of the process could be exam- 
ined separately. 

The following yield of products was obtained from the distillation: 
Crude oil, 24.5 cubic centimeters; iixed gas, 10 hters; ammonia, 0.13 
gram, equivalent to 1.02 grams of ammonium sulphate, or 22.5 
pounds of ammonium sulphate to the ton of shale; specific gravity 
of oil, 0.90. The yield of oil to the ton of shale was 68 gallons. 

Anatysea of gases. — Examination of the gases from two of the dis- 
tillations gave the following results, the ordinary Orsatt apparatus 
being used : 

Analyseg ofgates colUcud in tivo thale dutillatifms. 
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On repeating the distillation there was practically no change in 
yield or character of products. On account of the evolution of carbon 
dioxide in the latter part of the process, the shale itself was exam- 
ined and found to be a mixture of true clay shale and a large per- 
centage of calcite. It is evident, therefore, that much of the gaa 
evolved last came from the dissociation of the calcium carbonate. 
At the highest temperatures some of this carbon dioxide was re^ 
duced by the coke to carbon monoxide. 

RESULTS OP LEACHINQ WITH ETHER AND BENZOL. 

Much of the bituminous materia in the shale occurs in the form 
of liquid oil and semisohd and sohd asphalt, as shown by the extrac- 
tion with ether and with benzol. By extraction with ether oil to 



OIL SHALE OF COLORADO AND UTAH. 7 

the extent of 6.2 per cent by weight of the shale was obtained. By 
reextracting with benzol an additioniJ 6 per cent was obtained, 
showii^ that 12.2 per cent of the total weight of the shale existed 
in the form of oil and asphalt. Thus at least half of the oil and as- 
phalt obtained existed in the shale and is not formed by destructive 
distillation. When this oil is redistilled it undergoes further destruc- 
tive distillation as well as fractionation, yielding oils having the usual 
gradations in gravity. 

The odor of the oils distilled from the shale suggested phenol so 
strongly that some finely divided shale was boUed with 10 per cent 
solution of caustic soda, and the mixture, after acidifying, was shaken 
up with ether. By this means about 1 per cent of the total oil was 
found to consist of substances of the phmol class. 

Qualitative tests showed the presence of pyridine compounds easily 
extracted from shale oil by dilute acids. 

Experiments show that the bitumen existing in the shale is only 
very slightly soluble in methyl alcohol, but after boiling the finely 
divided shale with dilute hydrochloric or sulphuric acid, it was found 
that a much greater proportion of the shale was soluble in methyl 
alcohol, a fact which was confirmed by repetition, 

EXAMINATION OF THE SHALE OILS DISTILLED IN THE FIELD. 

For purpose of comparison the oils obtained by the field tests were 
(fistilled in Engler's distiUii^ bulba exactly according to the standard 
method of comparing crude petroleums, with the following results: 

Ee»ulu ofdiitUlation by ttandard method of the oils obunixed in the field lesu. 
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Setultt o/dMUUiticm by tlandard miUtod of the oiU obtained in the field tetti—Coatd. 
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HTDBOOBNATION OF SHALE OILS. 

The shale oils obtained in Scotland and elsewhere and those obtained 
in the present series of distillations are characterized by a lai^e pro- 
portion of unsaturated hydrocarbons, involving a considerable loss 
when these oils are refined. In refining them it is not necessary to 
remove all these unsaturated hydrocarbons but only those which pre- 
vent the manufacture of comparatively colorless and odorless oils by 
the usual refining process . The proportion of these compounds differs 
greatly in shales from different parts of the world. 

In the distillation of the shale under consideration it is evident that 
when the process is carried on at the lowest possible temperature the 
quality of the oil obtained ia considerably better. 

The success which has lately attended the addition of hydrogen to 
unsaturated oils, by passing the vapors of the oils and hydrogen 
together through a porous substance acting as a catalyzer, has been 
sufficient to justify the treatment of these oils in the same way. 

Accordingly a sample of 4.49 kilograms of shale from Temple station, 
Utah, was distilled imder a pressure of 70 to 80 pounds, in an atmos- 
phere of hydrogen. Thestill contained a coil of tubes fiUed withacata- 
lyzer consisting of finely divided nickel with a small proportion of 
palladium (10 otmces of palladium to the ton of nickel). The cata- 
lyzer remained at the same temperature as the still. The vapor of the 
oil and the hydrogen passed together through the catalyzer before 
leaving the still. The distillation proceeded according to the fol- 
lowii^ table. 
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DittUUuionofihaUjTom Temple itation, Utah, adding hydrogrn mtder pretnre. 
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These shale oils under ordinary redistillation yield oils ranging from 
17° to 24° Baum6, whereas in the hydrogen distillation under pres- 
sure they ranged from 24.4° to 39.7° BaumS. 

Further, when the first seven cuts were redistilled with steam the 
results showed a lai^e jaeld of naphtha suitable for all purposes for 
which gasoline is used. The steam-stilled distillate, when treated 
with dilute caustic soda, had a marked odor of p>Tidine, which was 
easily removed with dilute sulphuric acid. The steam-stilled material 
required no treatment with acid to render it comparable with the 
other market grades of naphtha or gasoline. A similar distillation 
of shale from Parachute Creek, Colo., gave corresponding results, as 
shown in the table below, but was not completed on account of the 
accidental leakage of the still. 

DittilUUian, ofthale/rom Paradtnle Credit, Colo., adding hydrogen under prttturt. 

Itlurge, 1,200 grums la prassore still; oontinuoua call containing hydronn with cbamnl as a catalvicr. 
Pmaun uraa also carried on coDdanser.] 



Cut. 


of™ 

(C. C). 


w 


hire (' F.). 


(pound^. 




» 


2s.e 

S! 

2J.2 


7S0 
800-1,000 

























10 CONTEIBUrrONS TO ECONOMIC GEOLOGY, 1913, PABT H. 

EXTENT OF THE FIEIjD. 

As shown on Plate I (p. 18) bituminous shale extends westward 
from Hifle, Colo., for a distance of 50 miles and in Utah from the east 
line of the State for a distance of 75 miles. In the two States there 
is a total direct east^west distance between extremities of outcrop 
of 125 miles, but owing to the sinuositiea tJie totaj line of outcrop 
is probably twice as great. The extent of shale back of the outcrop 
has not been determined because neither the nature of the work nor 
the time and facilities available for it permitted such determination. 
However, the timitsof the Green River formation, which contains the 
shale, are shown on the map (PI. I), In Colorado the shale-bearing 
area is much less extensive than the formation but probably includes 
as much as 20 townships, whereas in Utah a much greater area con- 
tains the shale though most of it is too thin and covered too deeply 
to be worthy of economic consideration. In considering the areal 
extent of the shale it should be noted that the Colorado area is prob- 
ably encircled by a belt of the shale outcrop, whereas in Utah the 
outcrop of the shale is along the southern side only, the northern 
being buried beneath younger overlapping formations. In this State 
shale is known to occur in Strawberry Valley west of Indian Creek 
(see PI. I), but probably it is too thin to be considered economically. 
SUBFACB FBATUKES AND CLIMATE. 

Westward from Rifle, Colo., for 170 miles, to the vicinity of Colton, 
Utah, extend the high, steep, and locally precipitous Book Chffs and 
Roan Cliffs, which rise 1,000 to 3,000 feet from a rather uneven low- 
land on the south to the high plateaus on the north. The cliffs do 
not form a continuous wall but arc cut by many streams into a most 
intricate system of narrow steep-sided valleys between narrow spurs 
with precipitous sides. These cliffs are so high and so steep that an 
ascent has been found for a railroad at only one place and by a most 
tortuous narrow-gage route. Wagon roads cross the cliffs at a few 
favored spots, and difficult foot trails at fairly short intervals. From 
the crest of the cliffs a plateau slopes gently northward toward the 
interior of the Uinta Basin, through which flow 'WTiite, Greeu, and 
Duchesne rivers. The surface of the plateau ia cut into a most intri- 
cate system of badlands by branches of the streams which rise near 
the crest of the cliffs and flow northward to the rivers. The bitumi- 
nous shale underlies the plateau and outcrops along its southern edge. 

The region is semiarid— in fact, it is sometimes called a desert. 
Springs and brooks are common north of the crest of the cliffs, but 
generally the flow is so small that the water is lost by evaporation 
or seepage before it has gone far. A few perennial streams have a 
small flow of water, which is generally so alkaline, except near the 
source, that it is unsuited for the use of either man or animal. The 
vegetation consists of pines, cedars, and aspen in the higher parts 
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of the plateau and of st^ebrush and an extremely scanty growth 
of grass over the greater part of the area. 
GEOLOGT. 
The geology of the region was studied by Mr. Woodruff only in 
a general way at a few places along the southern exposures of the 
bituminous shale and to some extent back of the outcrop in Utah. 
These examinations, together with reports of previous workers in 
the field, furnish the data upon which the description of the geology 
is based.' Good exposures of the strata and the distinctive litholt^y 
of the rocks render geologic study simple and the results certain. 
Only general stratigraphic relations will be considered, except in so 
far as the data relate to the Green River formation, which will be 
described in detail because that formation contains the bituminous 
shale to which this report relates. 

STBATiaRAPHT. 
FORMATIONS PRESENT. 

In western Colorado and eastern Utah the igneous basement is 
covered by a series of Paleozoic, Mesozoic, and Cenozoic formations 
many thousajid feet thick. Among the last to be deposited were 
the Tertiary rocks, which in part are classified as follows: 



Fonnation. 


Uember. 


Description. 


Tblckness: 


■sa."'- 




beds; prevallW cotora pink, brown, and gray. The Bridger 
is compoaed of iDDHlr wiiieut«3 rocka which veathar Into 
IjadlanS forma. Very irregular bedding is preTBlflnt. Dls- 
tinpiiahed Irom the lorraatlon aboi-e by tbe slightly graatar 
penantage of shale and by the fossils. 


FfO. 
800-1,000 




Upper. 


Sandslona. very sandy shale, and some clsy shald; pretaillng 
colors brown and gray. Tbe sandstone occurs in &ick beds 
though not marliedly so in central Utah. 


(Estimated.) 


"Z^T 


Utddle. 


reoussBadsloueiprevalllne colors, brown, gray, or faint green. 

torthelargeamouQt ol bituminous mattsr which someot the 
bedsoontaln. [Detailed sections are presented on pp. 13-20.) 


.^». 




Lower. 


to IS feet thick. The shale is sandy, locally calcareous or 

gray, or faint green. (A detailed section is presented on 
pp. i*-li-i 


,,^,,,. 


^ss..-- 




Bhale.aeoerallj wery sandy, and sandstone. Colors variegated, 

sSvssa^' '•""■ '"""■ "" "'■ '"' "•" 


1,000-4,000 



iaalB,H.S.,Coalfleldsofi>orthwBstemCDlarado and northesslem Utah: U. S. Geol. Survey Bull. t15, 
HID; Geology of the Ran^ely oil district, Colo,: U. B. Qeol. Survey Bull. 3£0, 1903. Feale, A. C, Oeo- 
loglcalroportonlhe Grand River district: U. 8. QeoL and Geog. Survey Terr., Tenth Ann, Rept., 1878. 
Eldridee, O. H., Asphalt and bituminous rock deposits of the United Slates: U. S. Oeol. Survey Twenty- 
second .AJtD. R^t.,pt. 1,1001. Richardson, O. B., Itecoimalssauce of tbe Book Cliffs coal field between 
Orand RlTsr, Colo., and Smmyslde, Utsh; U. 8. Oeol. Survey Bull. 371, lOOS. Woodnifl, £. Q., Geology 
md peCroleam iBsourcea of th« Da Beque aD field, Colo.: V. S, OeoL Survey Bull. 631e, pp. 54-48, 1813. 
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OBEEN BITER FOBUATION. 

Aa the study of the oil shale involved the Green River formation 
only, the other formations were not given much attention. Consid- 
eration was given not only to the compoaition of the formation, but 
also to the character of the country and to the accessibility of the 
out43«ps. Gale' has aptly said: "The valleys and lowland lidges 
commonly formed in the Wasatch clays are generally bordered by 
escupment ridges of more resistant beds that overlie them. This 
escarpment-fomung group of strata is known as the Green River 
fonnation." The cliff-forming feature of the Green River is the 
characteristic which first attracts attention to the fonnation, espe- 
^ally along the southern mai^in of the Colorado-Utabi area. Closer 
inspection, however, reveals the even and generally thin bedding of 
the shale, the bitumen in some of the shale, and the calcareous 
character of the sandstone and oolite. Generally the oolite is 
composed of spherules less than one-eighth inch in diameter, but 
not unconunonly the rock is a pisolite whoso spherules are as much 
as three-fourths inch in diameter. Ripple-marked sandstone beds 
occur in the lower and middle parts of the formation. Fish scales 
are common, and even fish remains occur at many places. Excel- 
lently preserved insects were obtained at one place and some imper- 
fect specimens at another place. Some fossil turtles were also 
found. 

Work was c<»io«atrated on that part of the section carrying the 
oil shale, and several sections were studied and measured in consid- 
erable detail. These sections, which are given below, afford a good 
idea of the distribution of the shale in the formation and some idea 
of its comparative richness. 

After most of the distillation tests had boon made aad the ritdmees 
of certain kinds of shale had been determined it was found possible 
to estimate very closely the oil content of any given bed, provided 
it was clearly exposed. The probable limit of error in such esti- 
mates is thought to be less than 20 per cent. Accordingly, inmeas- 
uring the detailed sections at various places many such ostanaates 
were made, and they are given in their appropriate places in the 
sections. 
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ion of part offht middle mtmber of the Green River formation exposed on ParacAufa 
Crede, Colo., in tee. t9, T. SS., R. 95 W., tixlh principal meridian.' 

Shale, brown, carbonaceous, thin bedded. Pt. in. 
Shale, brown, bituminouH; weatliere cavemoua (eetimsted to con- 
tain 20 gallons of crude oil to the ton) 31 

Shale, brown, thin bedded, slightly bituminous 5 3 

Shale, bituminous 7 3 

Shale, fissile; contains some seams of bituminous shale 2 9 

Shatc, brown 5 

Shale, bituminous 1 

Shale, thin bedded, slightly bituminous 9 

ShiJe, bituminous 3 

Shale, thin bedded, slightly bituminous 9 

8hale,browa,finegTained, bituminous; estimated 10 

Shale, brown, thin bedded 26 6 

Shale, brown, bituminous (estimated to contain 20 gallons of oil 

to the ton) 4 10 

Shale, brown, thin bedded, finegrained 2 6 

Shale, brown, sightly bituminous 5 

Shale, fissile, fine grained, thin bedded 6 6 

Shale, bituminous (sample No, 4, p. 4, obtained from this bed). . . 5 10 
Shale, brown, thin bedded, slightly carbonaceous, modeiatoly 
calcareous. — — — 

110 7 

Section along MoutU Logan trait, Colo., sec. £6, T. 7 S., R. 97 W. 

Base of upper member of Green River formation: 

Soil on plateau overlying very sandy brown shale. 

KCddle member of Green River formation: Ft. in. 

Shale, bituminous, "curly" 11 

Shale, very light brown 130 

Shale, bituminous, "curly" 2 3 

Shale, moderately bituminous, bitumen evenly distributed 
throughout the ledge (estimated to contain 20 gallons of 

oil to the ton) 81 

Shale, bituminous 10 

Shsle, brown, slightly carbonaceous 79 

Shale, bituminous 13 

Shale, brown, slightly bituminous 4 5 

Shale, bituminous 8 

" Shsle, brown 2 6 

Shale, bituminous 8 

Shsle, brown, sliRhtly bituminous 12 

Shale, bituminous 7 

Shale, brown, slightly bituminous 3 9 

Sandstone 3 

Shale, brown 4 

Sandstone, brown 4 

Shale, brown, slightly bituminous 6 

Lt this phux the eiposure occurs Ui a cllfl wblcti Is so precipitous tbat the complete section can not 
:udied in detail. The sectloa is believed Lo be typical of sUbLb Ioi £0D leet above the ponien presented. 
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Middle member of Green River formatioa — Continued. fi. In 

Shale, bitumiuous E 

Shale, brown, alightly bitumiDouB 1 I 

Shale, bituminous ( 

Shale, browB, fiaaile ( 

Shale, bituminous 1 ( 

Shale, brown, elightly bituminoue 3 I 

Shale, bituminoua (estimated to contain 20 gallons of oil 

to the ton) 1 ] 

Shale, brown, slightly bituminous 2 1^ 

Sandstone, brown ( 

Shale, brown, elightly bituminouB 3 4 

Shale, bitumioous (eetimat«d to contain 30 gallona of oil 

to tie ton) i 

Shale, brown, slightly bituminous 3 J 

Shale, brown, bituminous 9 i 

Bhale, brown 2 f 

Shale, bituminous (estimated to contain 25 gallons of oil 

to the ton) 2 ( 

Shale, brown, slightly carbonaceous 1 J 

Shale, bituminous (estimated to contain 30 gallons of oil 

to the ton) ( 

Shale, brown, slightly bituminous 2 f 

Shale, bituminous 1 ( 

Shale, brown, slightly bituminous 5 ( 

Shale, bituminous (estimated to contain 20 gallons cf oil 

to the ton) 6 ( 

Lower member of Green River formation: 

Shale, gray, thin bedded 122 ( 

Sandstone, gray 2 ( 

Shale, gray, fine grained, thin, even bedde<I; thiH member 

seema to be uniform throughout 329 ( 

Shale, brown, fissile, weathers in flakes as thin as ^ inch... 2 ( 

Shale, drab, fine grained, fissile 178 ( 

Sandstone, tan ( 

Shale, drab, thin bedded; containa thin layers ol sbaly 

flandsUine 69 C 



Shale, drab, tMn bedded 

Saudntone, tan, slightly irr^ular in thickness 

Shale, drab, thin bedded 

Sandstone, ahaly in lower halt 

Shale, thin bedded; this member is uniform throughout 
except that at intervals of 10 to 20 feet beds of shaly 
sandstone occur as much aa 6 inches thick 

Sandstone, coarse, oolitic 

Sandstone, finegrained, oolitic 

Shale, drab, fieaile 

Sandstone, gray 

Bhale, gray in upper part, brown in lower, fine grained, 
fissile 

Shale and sandstone; this member is composed of layera of 
tan sandy shale and shaly sandstone 6 inches to 2 fe«t 
thick 
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Lower member of Green River formation — Continued. Ft. to. 

Sandatone, thick bedded, coarse grained 15 

Sbale, tan, very sandy, with many layers of shaly sand- 

etonesomeofwhich areas much as 6 inches thick 98 

Sandstone, tan, thick bedded 5 

Shale, tan, sandy; contains layers of ahaly randntmie 68 

Shale, red (top of Wasatch formation). 

1,806 10 

Btdirm of part of the Jntvminim* >haU expoted at 4A ranch, Colo., in sec, il, T. 6 S., 
R. 99 IT.' 

Shale, bituminous (estimated to contain 20 pallona of oil to the Fi. in. 

ton) r> 3 

Shale C 

Shale, bituminous, "curly" C 

Shale 1 10 

Shale, bituminous, "curly" 8 

Shale 4 10 

Shale, bituminous 8 

Shale, carbonaceous, fissile.*- ..,..--..., 2 10 

Shale, bituminous (estimated to contain 25 gallon." of oil to the 

ton) 1 2 

Shale, fissile 1 2 

Shale, bituminous (estimated to contain 2.'> gallons of oil to the 

ton) 4 

Shale, brown, carbonaceous 4 

19 9 

n north side of Kimball 
■etk, tec. 5, T. 7 N., E. 100 W.' 

Soil and rock debris. F«et. 

Shale, bituminous (samples Nos. 2 and 3, p. 4, were taken from G 
feet of this bed from 12 to 13 feet below the top; the upper half 
of this bed is believed to be slightly richer than the lower half). . 48 

Shale, locally very calcareous 35 

Shale, bituminous 3 

Shale, brown, carbonaceous. ■; — 

SecHon of -part ofOnen River formation expoted at Oil tunnel on Whisky Creei, Colo., 
in tee. 18, T. S8., R. 103 W. (approximate location). 

Lower member of Green Eiver formation: Ft. in. 

Shale, tan, fissile 8 

Shale, bituminous (same bed as that from which sample No, 

8 was obtained; see p. 18.) 4 

Shale, tan, fissile 2 

Shale, tan, sandy 9 

Sandstone, oolitic 5 

1 TblBsecUon InclndfB only the lower put of the middle member of the Oreen Rlvvr ri)rmatioii; 200 feet 
of almDar Mrala aveitle K. 

■ Thtalociittoii b glTon by a restdent of the it:0oa nho Is fsmOlar with (he land Bubdfvlalnna. Tbe writeia 
•n IncIlDed to Ibtnk that tlie location Is la eiTOt and UiaC the true locstfoD is B law mOeaeaM ol thstglTOU. 
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Ixiwer member ot Greeo River formation — rontinued. ft. in. 

Shale, tan, nandy 40 

Sandwtone, oolitic 1 

Shale, sandy 4 

SandBtone, oolitic, nhaly .'. .. 2 

Rhflle, tan, paiidy; shale, brown, carbonaceous, and oolitic 

Baiidnldne, in beds from 6 inrhes to 1 toot thick 53 

RandHtone, oolitic 3 6 

Shale, tail 22 

''overed by taliij 21 

Sandwtone, oolitic 6 

Wasatch formation: 

Shale, tan, Bandy 43 

Sandptone, (tray, very porous, petroliferous 13 

Shalr. — 

225 6 

S'flion nf lover part of (trten Rhtr formation at Black Dragon mine. Dragon, Utah. 

Soil. Ft. in. 

Oolite, buff, coarse 6 6 

Shale, cont*ininK thin beds of sandstone 57 

Oolite, brown 21 

Shale, gray 6 4 

Sandtrtone, but! 13 

8ha!e,gray 16 

Oolite, fine grained 5 4 

Shale and eandatone 21 

Oolite, coarsegrained 7 2 

Shale and sandstone 17 

Oolite, coarse grained 3 8 

Sandstone, buiT 4 2 

Shale, gray, finegrained 17 

Oolite, fine grained 1 2 

Sandstone, buff, fine grained, weathera cavernous 4 3 

Oolite, coarse grained 5 8 

Sandstone, buff 50 

Shale, greeti, weathers brown 6 

Oolite, buff, coarsegrained 4 

Sandstone, buff 8 2 

Shale, faint green 4 5 

Sandstone, light brown 1 

Shale, gray, weathers cavernous in upper part 6 9 

Sandstflne, buff, niaiidve, with small lenaee of shale intercalated in 

the sandstone 59 

Sliale, gray, fine grained 12 4 

Oolite, buff, coarsegrained 26 

Sandiitone, buff, weatliera cavernous 22 

Shale, green, fine grained 3 

Sandstone, yellowieh; brown below, gray above; massive; weathers 



Shale, greeninh gray, finegrained; this bed is lenticular 14 

Sandstone, chocoltt1«-brown, thick bedded 13 

Shale, green, with brown «tr«ak?, fine grained, thin lenticular 
bedding I 
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Ft. In. 

Sandstone, light brown, fine grained, in part aigillaceoue 10 6 

Shale, green, fine grained 1 7 

Shale, Bandy 2 5 

Shale, greenish gray, weathers nodular 1 

Sandstone, dark reddish brown 1 

Shale, reddish brown, sandy, tiin bedded 1 7 

Sandstone, reddish brown, fine grained 1 * 

Shalo, greenish gray, finegrained, weathers nodular 2 

Sandstone, reddish brown, Brgillaceous 2 9 

Shale, gray, thin bedded 1 5 

Sandstone, reddish brown, finegrained, crose-bedded 6 

Shale, gray, finegrained 2 7 

Sandsrtone, yellowish brown "2 2 

Shale, gray, somewhat arenaceous 6 

Sandstone, reddish brown 9 

Shale, gray 2 

Sandstone, dark brown 2 

Shale, gray, sandy in lower part 2 

Sandstone, brown, finegrained 6 

Shale, gray, sandy 4 

Sandstone, brown, fine grained 7 

Shale, thin bedded 1 8 

Sandstone, brown, fine grained, lenticular 2 7 

Shale, gray, very sandy 2 3 

Sandstone, brown, fine grained; contains lenses of shale 3 4 

Shale, gray, fine grained, thin bedded 3 

Sandstone, brown, fine grained 3 1 

Shale, gray, locally very sandy 8 

Sandstone, light brown, thick bedded 12 

Shale, gray, thin bedded, lenticular 6 

Sandstone, light brown, finegrained 7 9 

Alluvium. 

529 4 

on on east aide of Evarvalion Creet, at Ute station on Uintah Railtvay, Utah. 

Sandstone, brown, calcareous; weathers brown; base </! upper 

member of Green River formation. Ft. in. 

Shale, brown, thin bedded 11 

Limestone, gray, thin bedded 36 

Shale, gray, calcareous 18 

limestone, gray, thin bedded 6 

Shale, brown, thin bedded, slightly bituminoi:8 (possibly con- 
tains 2 or 3 gallons of oil to the ton) 165 

Shale, brown, bituminous 6 

Shale, brown, carbonaceous 3 6 

Shale, brown, slightly bituminous 1 2 

Shale, brown, carbonaceous 3 4 

Shale, brown, bituminous 5 

Shale, brown, fissile, carbonaceous 5 

Shale, brown, bituminous 3 

Shale, brown, carbonaceous; weathers gray 62 

Shale, brown, bituminous 8 

Shale, brown; carbonaceous; weathers gray 1 4 
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Fl. la. 

Shale, bituminous 1 3 

Shale, bTOwn, carbonaceouB, thin bedded; weothers gr»y 12 

Bhale, brown, bituminoua 6 

Shale, brown, weathers gray, cubonaceouB, with aeanui of 

bituminous shale half an inch thick in the lower part 5 

Shale, brown, bituininouB 1 10 

Shale, brown, carbonaceous J2 

Shale, brown, bituminous; somewhat variable in bitumen 
content (sample No. 6, p. 4, collected at Temple station, 

- representa 4 feet of the lower part of this bed) 22 6 

Shale, brown, carbonaceous; contains some layers of bituminous 

Hhale 1 inch thick 18 6 

Sandstone, brown 1 

Shale, brown, fissile 12 

Limestone, brown 1 

Shale, brown, fissile 13 6 

Shale, brown, bituminous 8 

Shale, brown; weathers tan; fine grained, thin bedded; contains 

foeeii insects 20 

Shale, brown, bituminous 8 

Shale, brown; weathers gray; carbonaceous, very fissile 13 

Shale, rusty brown, very sandy, calcareous.,. 40 

Shale, light tan; weathers gray; calcareous 40 

Sandstone, gray ; weathers msty ; thin bedded in lower two-thirds, 
thick bedded in upper one-third, locally cross-bedded and 

ripple marked CS 

Shale, light brown, in layers as thin as 0.1 inch, slightly car- 
bonaceous; 45 feet above base occurs a bituminous shale seam 

4 inches thick and another of equal thicknees 6 feet higher.. 53 

Shale, bituminous 1 

Shale, brown, carbonaceous 1 3 

Shale, brown, bituminous ' 1 

Shale, brown, carbonaceous 8 

Shale, brown, bituminous ' 1 

Shale, brown, carbonaceous 6 

Shale, brown, bituminous ' 2 

Shale, brown, carbonaceous 11 

Shale, brown, bituminoua ' 2 

Shale, brown, carbonaceous 2 

Shale, brown, bituminous ' 2 

Shale, brown, locally slightly bituminous ". 28 

Shale, brown, bituminous 1 11 

Shale, gray, very calcareous 4 

Shale, brown, bituminous 4 

Limestone, gray 9 

Shale, very calcareous 3 

Shale, brown, bituminous 4 

Shale, sandy (lower member of Green River formation) 2 

Water in Evacuation Creek. — — ■ 



by Google 



OIL BHALE OF COLOBADO AND UTAH. 19 

S'CUmi of aimta containing bituminou* »hale bedt on twrth tide of WhiU River, Utah, 
5 mites eoit of White River t'/igettMion, T.9 S ., R.tS E., Salt Lakthateandnuridian. 

Sh»le, gray, fisaile. Ft. In. 

Shale, bituminoua 9 

Shale, brown, alightly carbonaceous 6 

Shale, brown, bituminoUB 2 

8h&le, brown, carbonaceoua ) 

Shale, bitmninouB 3 

Shate, brown, carbonaceous 9 

Shale, bituminous 8 

Shale, brown, fieeile, carbonaceous 2 11 

Shale, bituminoua 1 

Shale, brown, carbonaceous 1 3 

Shale, bituminouB (sample of this bed distilled ; sec sninplee Noe. 

Band 9, p. 4) 3 S 

Shale, brown, carbonaceouB 2 4 

Shale, bituminoua 6 

Shale, brown, carbonaceous 3 2 



Shale, brown, carbonaceous 

Shale, bituminous 

Shale, brown, carbcmaceouB 

Shale, bituminoua (estimated to contain 20 gnllooii ot oil t< 

ton of shale) 

Shale, brown, carbonaceous 

Shale, bituminouB 

Shale, brown, carbonaceouB. 



Section of strata containing bituminout ihaleon Hill Crrek,Utali, in sec. 12, T. 13 8 
R. 19 E., Salt Lake bate and meridian . 

Shale, gray, thin beilded. Ft. in. 

Shale, bituminous 8 

Shale, brown, carbonaceoua 1 7 

Shale, brown, thin bedded, calcareous 51 

Shale, bituminous (aee sample No. II, p. 4) !) 

Shale, gray, thin bedded 3 

Shale, brown, bituminouB (contains 15 gallons of oil to the ton of 

shale) 1 1 

Shale, brown, very aandy 1 1 

Shale, bituminous; weathers in thin laminse 5 4 

Shale, brown; weathers tan 2 8 

Shale, brown, carbonaceous, thin bedded 3 8 

Shale, bituminoua (estimated to contain 10 gallons ot oil to the 

tonofBhale) 1 1 

Shale, brown, carbon aceou?', thin bedded 4 4 

Shale, drab; weathers gray; fiaaile. 

76 3 
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Section of ttrata containing bituminous thaU along fr^kt Toad/rom Mylon to PrUe via 
Harper, Utah, itniie» north of NinemiU Creek, apprommauly in mc.li, T.llS.,R. 16 
E., Salt Lake base and -meridian. 

Shale, thin bedded, olive-green. F,. iq. 

Shale, brown, bituminouH 6 

Shale, olive-green, sandy 10 

Shale, Bligbtly bituminouB, weaibeF!) in thin layers (sample No. 

10, p.4, waatakenfrcFraaG-inchlayernearthetopot' this bed).. 4 10 

Shale, brown, carbonaceouH 6 

Shale, bituminous _ 1 2 

Shale, gray, thin bedded 9 

Shalo, brown, slightly bituminous 1 11 

Shale, gray, fissile 8 4 

Shale, bituminous, ireathers fissile (estimated ta contain 10 gal- 
lons of oil to the ton of shale) I 2 

Shale, gray, sandy 9 

Shale, brown, carbonaceous 5 6 

Shale, olive-green, thin bedded 14 

Shale, brown, carbonaceous 6 

Shale, gray, very sandy S 

Shale, brown, carbonaceous 10 

Shale, greenish gray, sandy 13 

Sandstone. 

Section ofetrala containing bUuminmu ihaU on west side of Indian Canyon Creek, about 
18 miUs loulhiveat of Dwdtesne, Utah, T. 6 S., R. 7 W., Vinta special base and 
Tueridvin, 

Shale, drab, thin bedded. Ft. Id. 

Shale, slightly bituminous 2 6 

Shale, very sandy 9 

Shale, brown, carbonaceous, sandy 8 

Shale, drab, thin bedded 71 

Shale, brown, carbonaceous 7 

Shale, drab, thin bedded 7 

Shale, brown, carbonaceous : . . . 6 

Shale, drab, fissile. 

83 

A sample was taken from an old prospect entry on Conn Creek, 
Colo., in eec. 1, T. 7 S., R. 98 W. The prospect was opened on what 
appears to be a lens of bituminous shale, which measures 16 inches 
in its thickest part. Aa shown by the field tests described on page 4 
and by the laboratory test on page 6, this shale is very rich in 
hydrocarbons, but it is too thin to be of much commercial value. 

STBT7UTUBE. 

The Uinta Basin is a very broad, shallow syncline that lies between 
the Uinta and Yampa plateaus on the north and the Uncompahgre 
Plateau, La Salle Mountains, and Beckwith Plateau on the south 
and extends from the Grand Hogback in Colorado to the Wasatch 
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Mountains in Utah. Tliis syncline la divided into an ea.stem and a 
western part by a low anticline extending from Dragon, Utah, 
northward beyond Rangely, Colo. 

Minor faiilts occiir at various places. A few in tlie vicinity of 
Dragon, Utah, are of the normal type, but the character of the 
others could not be determined because of the reconnaiasaoce nature 
of the work. The area seems to have been involved in a broad gentle 
structural movement, with the local intensive action evident. It is 
probable that some crustal movements formed the fissures in which 
the remarkable veins of gilsonlte occur, but as yet no conclusive 
explanation of the origin of the gilsonite has been offered. 

In areas occupied by bituminous shale the beds are either hori- 
zontal or only slightly inclined. In that part of the Colorado area 
that was surveyed the rocks dip gently to the north, except in the 
southeastern part, where they are horizontal. In Utah also the 
strata dip to the north but at slightly greater angles, though at no 
place are the dips greater than 14°. 

BUBNIXa OF 8BALX ALONCt THE OTTTCROP. 

Near Rowley's ranch, on Parachute Creek, 8 miles northwest of Grand 
Valley, Colo., the cliffs are strewn with slag produced by the burning 
of the bituminous matter in the shale. The burning appears not to 
have extended for mqre than one-fourth mile along the escarpment 
nor to have penetrated beyond 300 feet in depth, as shown hi valleys 
that have been eroded through the clinker. Burning seems not to 
have been so intense as in some of the coal beds of this region, but the 
rocks have reached a temperature high enough to bake the shale to 
pink, red, or yellow and locally to fuse it to a slag. The burning 
shows that the shale carries a high percentage of bitumen, else the 
itction could not have taken place. 
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OIL AND GAS IN THE WESTERN PART OF THE OLYMPIC 
PENINSULA, WASHINGTON. 



By Charles T, Lupton. 



INTRODUCTION. 

High-grade paraffin oil ia reported to have been discovered in the 
western part of the Olympic Peninsula, Wash., as early as 1881. 
Since then attempts to obtain oil or gas in commercial quantities 
by drilli ng have been made from time to time in different localities 
in this re^on, but without success. Within the past few years 
interest has been aroused in oil seeps near the mouth of Hoh River 
and in gas vents in other parts of the field to such an extent that 
many persons have been attracted to this country to search for oil 
and gas. As a result of this interest and on account of the fact 
that efforts had been made to lease tracts of land for this purpose 
in the Queniult Indian Reservation, an examination of this region 
was made by the United States Geological Survey at the request of 
the Office of Indian Affairs. The results of the investigation, which 
are enumerated below and which are discussed in detail throughout 
this report, suggest that certain parts of the field are worthy of 
careful consideration by oil operators. The following summary 
includes the most important facts regarding the area examined: 

High-grade paraffin oil issues from two seeps near the mouth of 
Hoh River, and at other localities oil-saturated sandy ciay ("smell 
mud" of the Indiana) is exposed. Natural gas containing about 95 
per cent methane escapes from a conical mound just north of the 
mouth of Queniult River and also from an inverted cone-shaped 
water-filled depression on Hoh River a short distance west of Spruce 
post office. Other minor gas vents are also linown in this field and 
are described in detail in this report. Three wells — one in the 
reservation about 1 mile north and slightly west from Taholah, 
another near the mouth of Hoh River, and the third about 1 mile 
south of Forks — are being drilled for oil and gas. So far as drilling 
has progressed none of these wells have encountered oil in paying 
quantities, but all of them have struck small amounts of gas. A 
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Btudy of the structure and stratigraphy in addition to the examina^ 
tion of oil seeps and gas vents reveals the fact that several anticlines, 
which may serve as reaervoira for oil and gas, exist in the area exam- 
ined and that they have apparently a close relationship to the oil 
seeps and occnrrencea of "smell mud." 

FIEIJ> WORK. 

The information set forth in this report was coUecetd during an 
eight weeks' reconnaissance in 1913. Although the field work in 
this r^on was done primarily in order that the Queniult Indian 
Reservation, which includes about one-third of the area shown on 
the accompanying map (PL II, p. 78), could be classified with regard 
to coal, oil, gaa, and other minerals, yet it was necessary to make a 
careful study of the area surrounding the reservation, because it 
contains the oil seeps and the localities from which are obtained 
many of the data that make possible an interpretation of the stratig- 
raphy and structure in the reservation. 

Field examination, which was entirely reconnaissance in character, 
was made on foot and by canoe, as it was impracticable to use horses 
to much advantage on account of the few and poorly constructed 
trails and roads and the presence of an almost impenetrable growth 
of underbrush. The best and most continuous exposures occur aJong 
the coast and the larger streams. The coast and the valleys of Hump- 
tulips, Moclips, and Hoh rivers were traversed on foot, whereas canoes 
were used in the reconnaissance of Queniult, Queets, and Clearwater 
rivers. In attempting 'to traverse the streams by canoe it is advis- 
able to procure the services of men who are well acquainted with the 
various streams, as dangerous log jams and "skukemchucka" (bad 
rapids) are rather numerous. All the streams heading in the Olym- 
pic Mountains and flowing into the Pacific are so swift that progress 
upstream can be made only by poling. 

The writ«r did not visit all the outcrops along the routes traversed 
in the valleys of Humptulips, Mochps, and Hoh rivers, but examined 
those exposures most easily reached by short side trips from the trails 
and roads. 

The annual rainfall in the Olympic Peninsula is greater than that 
in any other section of the United States, and for that reason the 
forests of spruce, fir, cedar, and hemlock, and the underbrush are 
dense and jungle-like, so that detailed work on the uplands is rendered 
very slow and tedious and in many places passageways have to be 
cut through the exceedingly dense undeig;rowth. Field work away 
from streams and the coast is unsatisfactory for the additional reason 
that the older rocks in the uplands are covered almost entirely with 
a thick mantle of clay, sand, and gravel of Pleistocene age, and this in 
turn by soil. 

DigitzedbyGOOgle 
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The locations of outcrops and places where the dip of the strata 
was measured are shown approximately with relation to natural 
landmarks, such as promontories, benda of riTera, and mouths of 
streams, on Plate II (p. 78). A Gurley compass with clinometer 
attachment was used to measure the dip of the strata. 
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HISTORY OP DISCOVERY AND DEVELOPMENT. 

Oil is reported to have been first discovered about 30 years ago on 
the beach in the vicinity of Copalis Kock, which is about 3 miles north 
of Copalis and 6 or 7 miles south of Moclips. Persons traversing the 
beach noticed at this place an offensive odor similar to that of coal 
oil, and on investigation found that the bluish sandy clay ' that out- 
crops here was impregnated with petroleum gas. At certun times 
of the year the small streams flowing from this locality are reported 
to have shown "colors" of the oil. 

Early in 1901, twenty years after the discovery, the Olympic Oil 
Co. was organized and began drilling near Copalis Rock. When the 
drill reached a depth of IGO feet it encountered a strong flow of gas, 
which burned with a yellowish-white flame 15 feet high. This 
occurred about the last of April, 1901, audit is reported that in June 
of the same year oil was struck in small quantities at a depth of 360 
feet. This well was drilled to a depth of 850 feet at a cost of about 
$10,000, and had to be abandoned on account of a crooked hole. 
Another well was drilled at Copalis to a depth of 350 feet by the 
Eldorado Oil Co., in the same year. No oil was obtained, but a flow 
of excellent artesian water was procured and is still used for domestic 
supplies at Copalis. It is reported that this well penetrates bluish 
sandy clay for its entire depth, the proportion of sand increasing with 
the depth. 

It is also reported that in 1901 a drilling outfit was taken to the 
mouth of Hoh River for the purpose of drilling a well in the vicinity 
but that after several months of useless effort the plan was abandoned. 

■ Sandf clay with the odor of petroleum Is called b; tbe Indians tbiaughOQt tbb region "Duelliiiud." 
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In the meantime the wast coast of the Olympic Peninsula north of 
Grays Harbor had been more thoroughly esamiued and many out- 
crops of sandy clay partly saturated with petroleum ("smell mud") 
had been found. 

A well was drilled to a depth of about 650 feet at a point approxi- 
mately in the NW. J sec. 1, T. 27 N., E. 15 W., 3 miles southeast of 
La Push, in 1902, by the La Push Oil Co. It is reported that the 
upper 150 feetof the rocks penetrated by the drill consists of shale and 
gray sandstone, whereas the lower 400 feet consists of bluish sandy 
clay. All rocks penetrated in this well are reported to have a strong 
odor of petroleum. "Rainbow" colors in small quantities were seen 
on the water taken from the well at various stages in the drilling, but 
no accumulation of oil was discovered, the colors being as noticeable 
on the water obtained near the top of the hole as from that taken from 
the bottom. Reagan,' who described this well briefly in his report, 
states that " the side pressure was so great that it caved in the pipes, 
and the work had to be abandoned without any oil having been 
obtained." 

No drilling was done in the field from 1902 to 1912. Prospectors, 
however, during this interval were on the alert, and evidences of oil 
were discovered at various places along the coast between Cape Flat- 
tery and Point Grenville, a few miles north of Moclipa. Arnold,' 
who examined a part of this field in 1904, in this description of the 
"supposed Cretaceous" rocks states: 

Indications of oil Etre also very noticeable in a soft gmy sandstone, whidi may belong 
tothiseeries, outcroppinginacaQyonaboutamilenortliof Point of the Atchea. This 
oil has a similar odoi to that found in the serpentiiie aod conglomerate a mile or so to 
the north and may be derived from tbe ehales aseociated with tlie sandatone. Indlca- 
tions of oil are also said to have been discovered in the sandBtonea and shales south of 
the mouth of Quillayute Biver and at one or two other localities between tlie Quilla- 
yuteand Cape Elizabeth. 

Reagan,* who made certain studies in the Olympic Peninsula from 
1904 to 1908, and who follows Arnold in his description of the forma- 
tion in this region, saya: 

Indications of oil are very noticeable in the soft gray sandstone of this series ("sup- 
posed Cretaceous") about a mile south of the Point of the Arches, and also at several 
locations ob the coast south of the Quillayute Biver. Oil springB also occur on Hoh 
Head, a mile north of the mouth of Hoh River. Oil is also said to have been found at 
several places down the coast south of the Hoh. 

Near the end of the report Itef^an * adds : 

Wherever this Miocene formation is exposed there are oil indicationa, either in the 
occurrenceof the odor of benzine or an allied product of crude oil, or in seepages. The 
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latter are moet prominently developed along the coaat from the mouth of the Hoh River 
to the mouth ol the Quillayute River. On Hoh Head, near the mouth of the foimer 
stream, oil fonus in poola bo thAt one may dip it up with a cup. This oil is said to be 
one of the best-grade oila ever found, having a 4S per cent paraffin base. 

The presence of oil at Hoh Head, as described above, is reported to 
have been discovered in the winter of 1906-7 by members of a survey- 
ing party. The oil was first seen under the root of a stump near a 
bear wallow. It was not, however, until December, 1911, that any 
excavation was made. At that time young men of the neighborhood, 
in an effort to collect some oil, set off a blast which loosened the adja- 
cent rocks and permitted the oil to flow into a prospect shaft. Pre- 
vious to this time probably not more than 2 gallons of oil had been 
collected from this seep, which is now generally known as the Jeffer- 
son Oil Co.'s seep, as it is situated near the place where that company 
is drilling. When the writer visited this locahty in August, 1913, a 
well-cribbed shaft about 18 feet deep, 5 feet long, and 3J feet wide 
had been made. A section of rocks exposed in. this shaft is given on 
page 47, 

Soon after the discovery of the high-grade oil at Hoh Head several 
companies were organized for the purpose of drilling for oil and gas 
on the west slope of the Olympic Peninsula. The first to commence 
operations was the Washington Oil Co., which located a well on the 
Anderson farm in the SW. { SE. i sec. 9, T. 28 N., R. 13 W., about 
1 mile south of Forks, and began drilling in October, 1912, with sn 
82-foot standard rig. In March, 1914, this well had been drilled to a 
depth of more than 1,600 feet. 

The first showings of oil occurred at a depth of 950 feet, but gas in 
small quantities was present in practically all strata below a depth of 
120 feet. At a depth of approximately 1,300 feet three hard oil-bear- 
ing strata, each about 3 feet thick, were encountered. The drillers 
reported the gas pressure at this horizon to be sufficiently strong to 
lift the 1,300-foot column of water and to force it about 15 feet above 
the top of the casing. When the writer visited this well in August, 
1913, the drill had penetrated to a depth of about 1,200 feet. The 
odor of gas was distinctly noticeable 100 yards from the well, especially 
when the tools were being withdrawn. The gas, which bums with a 
bluish-white flame 3 to 5 feet in height, could be ignited directly after 
the hoisting of the bailer from the well, which at that time contained 
about 1,100 feet of water. Although some gas issued continuously 
from the well, yet larger quantities escaped when the water was agi- 
tated by the removal of the tools. 

An oil seep, locally known as the Lacy seep, situated on the divide 
between Mosquito Creek and Hoh River at an elevation of about 
425 feet above sea level, was discovered in the NW. i sec. 11, T, 26 
N,, R- 13 W., about 6 miles northeast of the mouth of Hoh River. 
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The oil at this place waa first seen in a bear wallow. The oil mixed 
widi mud probably formed an excellent ointment for keeping dis- 
agreeable insects away. In June, 1913, a shaft 16 feet deep, 5 feet 
loi^, and 4 feet wide was opened. 

Both t^e Jefferson Oil Co.'s seep and the Lacy seep were discovered 
by following bear trails to their wallows as above stated. It is quite 
probable tliat a number of other seeps may be found by the same 
means. Owing to the great difficulty in traversing the ridges and 
streams on account of the dense underbrush, fallen logs, and swamps, 
a thorough examination of this section has not been made and can not 
be made without a great deal of labor and expense. Although the 
Lacy seep is only 6 miles directly east of the Jefferson Oil Oo.'s seep, 
and on the same divide, it is almost impossible to go from one to the 
other in a direct hne. The route traveled is about 6 miles longer than 
the direct distance. 

The Jefferson Oil Co. began drilling witli a 72-foot standard rig in 
the SW. } SE. 1 sec. 12, T. 26 N., R. 14 W., September 10, 1913. 
They reached, according to report, a depth of about 870 feet by 
February 1, 1914. This well is situated about 1,800 feet south and 
slightly west from the seep first described and on the same anticline, 
which extends in a northeast-southwest direction. When the writer 
last visited this well, in the early part of October, 1913, the drill had 
penetrated to a depth of 445 feet. Gas was escaping from the well in 
small volume, as shown by the bubbling of the water in the casing. 
There was also a slight trace of oil in the material brought to the 
surface by the bailer from the bottom of the hole. 

The difficulties of drilling in this r^on are very much greater titan 
in a locaUty where roads are numerous and are kept in good repair. 
In order to bring the machinery and lumber to Hob Head, it was 
necessary to transport them by boat to the fairly good harbor for 
small boats situated just south of Hoh Head. Here the scow on 
which the machinery and lumber were loaded was brought near shore 
and a donkey ei^ne — a necessary piece of machinery in these tim- 
bered coimtries— was taken to the top of the terrace, about 300 feet 
high, over a skid road one-fourth mile in length. All machinery was 
brought over the skid road to the site of the well by means of the 
donkey engine and a large sled. 

At the time the writer examined the field a well was being drilled 
by the Indian Oil Co. about a mile northwest of Taholah, approxi- 
mately in the NW. I sec. 35, T. 22 N., R. 13 W., near the Garfield 
gas mound hereinafter described. A 64-foot rig and a rotary driU 
propelled by gasoline power was used. Such an outfit seems fairly 
well adapted for penetrating the soft sandstones and shales already 
encountered. DrLUlng was begun at this place in October, 1913, and, 
according to report, had reached a depth of a little more than 330 feet 
in January, 1914, 
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The well originally was 9^ inches in diameter. In order to set a 
10-inch casing and leave Buficient space outside the casing for the 
free circulation of mud and water, which is Decessary when drilling 
with a rotary outfit, the hole is being enlai^d to 14 inches inMiameter. 
It is probable that drilling will be resumed before this report goes to 
press. This well, which is only 10 miles from the tenninus of tiio 
railroad at Moclips, is most easily accessible to those interested in the 
field, and probably will be the first well to prove or disprove the pres- 
ence of oil in connection with the gas escaping from the Garfield 
motmd, the apex of which is only 125 feet S. 30° W. from the mouth of 
the well. 

Gas is present in small quantities in practically all the wells thus far 
drilled in the field. In addition it is known to be escaping from 
several natural vents examined by the writer, and is reported from a 
number of others not visited. The most prominent of the vents 
examined is the Garfield gas mound, so named because it is situated 
on the land of an Indian by that name. This mound is located on a 
terrace about 250 feet above sea level in the NW. i sec. 35, T. 22 N., 
H. 13 W., a short distance southwest of the Indian Oil Co.'s wdl near 
Taholah. This cone-shaped mound is about 50 feet in height and 
from 250 to 300 feet in diameter at the base. The gas escapes prin- 
cipally from a small mud-filled crater-like depression, 2 to 3 feet in 
diameter, situated at the apex. Small quantities of gas escape from 
other venta near the top of the mound. In September and October, 
1913, a barrel had been securely anchored with a gas jet fixed in the 
top over the principal vent, and the gas which collected in the barrel 
could be burned. A sample of the gas was collected and has been 
analyzed by the Bureau of Mines. The analysis and a discussion of the 
characteristics of the gas are given on page 33. The mound has 
undoubtedly been built up by the mud, which at all times is carried 
up by the gas and deposited around the mouth of the crater. The 
age of the mound is doubtful, but it must be recorded in hundreds of 
years, because the forest is just as dense on the mound as on the 
adjacent fiat land at its base. A spruce tree 3 feet 6 inches in diameter 
is growing within 25 feet of the vent and an alder 1 foot 3 inches in 
diameter within 10 feet of the apex. 

Another prominent gas vent, the antithesis of the Garfield mound, 
locally known as the Devils Mush Pot, is situated in the NE. { sec. 35, 
T. 27 N., 11. n W., on the south side of Hoh River, about one-half 
mile west of Spruce post office. The gas here escapes continuously, 
and in much larger volume than at the Garfield mound, through 
water which fills a funnel-shaped depression. The "mush pot" is a 
little less than 60 feet in diameter and is probably 30 feet deep from 
the level of the water to the apex of the funnel. Although logs and 
other debris partly fill the depression, yet a pole 22 feet long pushed 
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verticaJly into the water did not touch bottom. The gas from this 
place 13 almost odorless, bums with a bluish-white flame, and is 
believed to be of the same quality as that escaping from the Garfield 
mound. The water through which the gas escapes has a milky color 
due to the fine sediment continuously brought up bj the gas. This 
minute but continuous erosion, extending through a long period of 
time, without doubt has produced the funnel-shaped depression. 

Gas escapes in a number of places in sec. 8, T. 23 N., R. 9 W., at the 
upper end of Queniult Lake, and also near by, just above the mouth of 
Cknoe Creek. Although this gas resembles in odor and character of 
flame that collected from the Garfield mound at Taholah, yet the 
fact that it occurs near the mouths of streams which have deposited 
and buried enormous quantities of vegetation suggests that it may 
be marsh gas and of recent origin. No analysis of the gas from these 
locaUties was made. 

A small but interesting occurrence of gas was examined by the writer 
in the NW. i sec. 27, T. 28 N., R. 14 W., on the south side of Bogachiel 
River, about 7 miles southwest of Forka. On the south side of the 
stream there is a small landslide of soft bluish-gray sandy clay impreg- 
nated with petroleum gas. The gas about 75 feet above river level is 
so abundant that if a small stick is pushed a foot or more into the soft 
"smell mud" and then removed it escapes in such volume that it 
can be ignited and will bum for a few seconds. 

A small volume of gas escapes near the bridge over Big Creek just 
above the mouth of Camp No. 2 Creek, at the extreme south end of 
the area shown on Plate II (p. 78), in the SE. t sec. 32, T. 20 N., 
R. 10 W. Some of this gas was collected, but it could not be ignited; 
hence it is believed that it is different from the gas in other parts of 
the field. 

Gas was noted escaping through the water on Queniult River, a 
mile or two above Taholah, and also on Hoh River, near Hough's 
place, in the southern part of sec. 22, T. 26 N., R. 13 W., about IJ 
miles southeast of Hoh post office. The character of the gas escaping 
at these places was not ascertained. 

In addition to these gas vents, which the writer examined, some 
others briefly described below are reported. Gas, according to BUly 
Snell, of Taholah, escapes around the edge of a spring near the center 
of sec. 26, T. 27 N"., R. 12 W., on the north side of Hoh River, about 
8 miles west of Spruce. He states that the water in the spring is 
mill^ and that the gas bums very much like that at the Devils 
Mush Pot, , a few miles farther up the river. 

The Indians at Taholah report that there are other small gas 
mounds similar to the Garfield moimd at different places in the 
reservation on both sides of Queniult River. They were not very 
sure of their locations, as they had seen them only on hunting trips. 
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It is significant that practically all the seeps and vents already 
discovered are near trails and small settlements. The writer firmly 
believes that many other oil seeps and gas vents exist in the M*ea 
shown on Plate II, and that they will be discovered as more and 
more of the region becomes accessible by the construction of trails 
and roads. 

CHARACTER OF THE OIL. 

The samples of oil collected from the seeps north of Hoh River 
show that it is high grade and has a paraffin base. In reflected light 
it has a light to dark green color, whereas in transmitted light the 
color is dark cherry-red. The odor of the oil as it comes from the 
seep is veiy much like that of kerosene. Two samples were collected 
from the seeps north of Hoh River and analyzed by David T. Day 
in the Survey laboratory with the following results: 
Anab/gis of mide petroleum from the Jefferson Oil Co.'» asep, in the SE. 1 tec. It, 
T. 26 N.. R. U W. 

PhrdMl ehuMttrUtloi. 

Color Light gieen. 

Odor Like Pennsylvania oil. 

Specific gravity 0.8679, 

Equivalent to 31. 5° Baiim6. 

DlltUlBtlOB. 

B^ine to boil at 103° C. 

100° to 125° i per cent gaaoline. 

125° to 150° 7 per cent gaaoline. 

71 per cent gasoline. 

150° to 175° 7 per cent kerosene. 

175° to 200° 9 per cent kerosene. 

200° 10225° 10 percent kerosene. 

225° to 250° 12 per cent kerosene. 

250°to275° 16 per cent kerosene. 

275° to 300° 9 per cent kerosene. 

63 per cent kerosene. 
» Aven^ sptecific gravity o£ kerosene, 0.8545. 

Mr. Day states that the oil contains no asphaltum and th&t the 
residuum yidds a large percentage of paraffin wax. 
Analysii of mide petroleuTn, from. Lnq/ seep, in the NW. i sec. 11, T. i6 N., R. IS W. 
FliTilsal oha»ct«rliUo>. 

Color Dark green. 

Odor Like Pennsylvania oil. 

Specific gravity 0. 9365. 

Equivalent to 19,5°BaumS. 

tMittU&tlDn. 

B^ina to boil at 190° C. 

Tip to 250° 4 per cent kerosene. 

250° to 275° 10 per cent kerosene. 

275°to300° 14 percent kerosene. 

2S per cent kerosene. 
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Mr. Day in commenting on this sample says: 

The specific gravity of the kerooene oil fraclion is rather hi^ oo occovuit of the 
initiiki boiling point of the oil. The quality of the distillate, however, ie like that of 
Peiuuylvania oil. I^e oil contains no aaphaltum but condderable paraffin wax. 
The leaiduum from the keroeene distillate ia welt suited for the manufacture of lubri- . 
eating oil and jMuvffin wax. 

The above analyses show that the oU taken from the Jefferson 
Oil Co.'s seep on Hoh Head is much hghter than that taken from 
the Lacy seep 5 miles farther east. This difference in specific gravity 
is believed to be due partly to the character of the rocks through which 
the oil filters into the seeps. The oil enters the Jefferson Oil Co.'s 
seep through soft sandy clay, which has some of the characteristics 
of fuller's earth, whereas the rock through which the oil enters 
the Lacy seep is much coarser and consists principally of sand and 
gravel. The oil issuing throi^h the less porous rock, Uke that at the 
Jefferson Oil Co.'s seep, probably more nearly represents the oil 
under thick cover than does the oil issuing through coarser material 
like that at the Lacy seep, where the lighter, more volatile fractions, 
such as gasoline, have escaped into the atmosphere, leaving the 
heavier portions behind to flow into the seep. Not only the absence 
of gasoline but also the greater specific gravity of the sample coUected 
at the Lacy seep seems to support the statement made above in 
explanation of tiie difference in the specific gravities of the two 
samples. 

The oil from this region is unlike the oil from the California fields, 
which has an asphalt base but resembles that from the Katalla dis- 
trict of Alaska, according to the statement of Martin,' who, in dis- 
cussing the oil of the Katalla district, says: "The petroleum is clearly 
a refining oil of the same general nature as the Pennsylvania petro- 
leum. It resembles the latter in having a high proportion of the 
more volatile compounds and a paraffin base and in containing almost 
no sulphur." 

CHABACTBB OF THE GAS. 

Gas from the Garfield gas mound was atialyzed by George A. Bur- 
rell in the laboratory of the Bureau of Mines, with the following 
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The heating vahie of this gas at 0° C. and under 760 millimeters 
pressure is 1 ,305 British thermal units. Its specific gravity ia 0.72 
of that of air. 

Mr . Day, who also examined thia gas, states: "The gas has none 
of the odor characteristic of marshy emanations and gives evidence 
of being deep-seated gas, although there is no odor of oil or other 
indications of its being connected with oU." 

As heretofore stated, the gas escaping from the I>evils Mush Pot, 
near Spruce post office, and also that escaping in sec. 8, T, 23 N., 
R. 9 W., at the upper end of Queniult Lake, are similar, in regard to 
odor and character of Same, to the gas collected from the Garfield 
mound, the analysis of which is given above. 

GEOGRAPHY. 

LOCATION AND ACCXBSIBUJTY. 

The area examined, which is shown on Plate II (p. 78), lies on the 
west slope of the Olympic Peninsula (see fig. 1) and is bounded by 
meridians 123° 45' and 124° 40' W. and parallels 47° 8' and 48° N. It 
ia approximately 60 miles long, from north to south, and about 25 
miles wide from east to west. 

The southern part of the field, extending as far north as the Clear- 
water River basin, is most easily accessible from the Northern Pacific 
Kailway, which has its western terminus at Moclips, situated on the 
coast at the mouth of Moclips River and approximately 163 miles by 
rail from Seattle. Tahol^, a small Indian village at the mouth of 
Queniult River, and other settlements along Queets and Clearwater 
rivers can be most easily visited by following the beach at low tide 
to the mouths of these streams. There is a fairly good wagon road 
from Moclips to Taholah, but northward from this place almost to 
the northern edge of the area shown on Plate II, in the vicinity of 
Forks and QuOlayute, there are no wagon roads. Persons desiring 
to enter this country must either travel on foot or horseback along 
the beach and tho very poor trails which lead into the interior. The 
settlements along the rivers are, however, most easily reached from 
the mouths of the streams by means of canoes. An automobile stage 
connects Aberdeen and Hoquiam with Humptulips. Between Hump- 
tulips and Queniult Lake there is a poor wagon road, but the State 
is now constructing a highway, which, it is planned, will be extended 
northwestward to the vicinity of dallam Bay and from that locality 
eastward around the peninsula. 

The settlements on Hoh River and also those in the vicinity of 
Forks and Quillayute are tributary to Seattle by way of Clallam Bay. 
A daily mail stage connects Mora, a few miles from the coast on 
Quillayute River, and Forks, in the northern part of T. 28 N., R. 13 W., 
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with Clallam Bay, which has daily steamer comiectioDS with ports 
on Pi^et Sound. Clallam Bay is estimated to be approximately 
125 miles by boat from Seattle. It is 31 miles or a day's ride by 
stage from Clallam Bay to Forks, at the northern extremity of the 
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field. The principal trails in the interior of the field are shown on 
the map' (PI. II, p. 78). Away from these trails traveling is exceed- 
ingly difficult and in many places aknost impossible on account of 
the dense growth of timber and underbrush. 

WATER BESOUB^JBS ASH VZaETATIOIT. 

This field is included in one of the areas of greatest rdnfall in the 
United States. At Tatoosh Island, just off Cape Flattery, 25 or 30 
miles northwest of this area, the mean annual rainfall for 22 years 
is about 88 inches. Near the center of this field, at Clearwater post 
office, the average annual nunfaU for 10 years is a little more than 128 
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inches. The mean annual precipitation at Aberdeen, which is situ- 
ated about 15 miles south of the field, for a period covering 11 yeuB, 
is in excess of 86 inches. From these figures it seems safe to assume 
that the mean annual rainfall in the area shown on Plate II is at 
least 100 inches. The natural result of this great precipitation, com- 
bined with a mean temperature of about 49° F. and extremes of 
temperature ranging from 11° to 100° F,, is that dense forests of 
spruce, fir, cedar, and hemlock, with an almost impenetrablp growtii 
of xmderbrush, consisting of salal brush, salmon berry, devil's club, 
and other bushes, cover the greater part of the field, with the exception 
of a few comparatively small "bums" and "prairies." The latter 
name is applied to open spaces in the forests where the lai^er vegetation 
has not existed recently and where considerable farming is carried on. 
Good examples of these are the Humptuhps and Forks "prairies," 
situated at the south and north ends of the field, respectively. 

The large annual precipitation above mentioned necessarily makes 
all the streams perennial. Humptulips, Queniult, Queets, Clear- 
water, Hoh, Quillayute, Bogachiel, Calawa, and Soleduck rivers 
and many of the lai^er creeks are navigable for canoes throughout 
the greater part of their courses in this field, and many of them can 
be used to good advantage aa logging streams. Hoh River, which has 
the highest gradient and swiftest current, is rather dangerous for 
canoeing, especially in its upper course. Lo^ng is extensively car- 
ried on along Humptuhps River. Moclips River, which is a compara- 
tively small stream, flows through an excellent cedar forest and la 
used to float shingle bolts to the mill which is situated at MocUpa, 
near the mouth of the stream. 

Queniult Lake, situated at the east end of the Queniult Indian 
Reservation, is about 200 feet above sea level and has an area of 
approximately 6 square miles. It derives its water from the upper 
part of Queniult River, Canoe Creek, and several smaller streams, 
and is drained by the lower part of Queniult River. 

TOPOGRAPHY. 

The topography of the area shown on Plate II (p. 78) ranges from 
flat lands at many places near the coast to mountains 20 to 30 miles 
inland. The greater part of the area is included in an uplifted, much 
eroded, and somewhat terraced coastal plain of Pleistocene age, in 
which swift mountain streams have entrenched themselves. The 
larger rivers have not only cut through the Pleistocene deposits, 
which are 100 to 300 feet thick, but have also eroded their channels 
in the underlying, more resistant Miocene and older formations, 
whereas the smaller rivers and creeks have not yet cut through the 
Pleistocene cover. In places along the coast this old plain has been 
42507'— Bull. 5filB— 14 2 
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raised above sea level as much as 400 feet, but at other locahties the 
uplift is not ao great. The v^eys of the lai^er rivers, the Queets and 
the Hob, are marked by at least two prominent terraces. Precipi- 
tous cMs, ranging from 50 to 300 feet in height, are numerous along 
the coast and at many places along the principal streams. In places 
the watersheds consist of broad, swampy uplands into wludi the 
minor streams have not penetrated, thus su^esting that the topog- 
raphy is still comparatively young. The relief ranges from sea level 
to J, 500 feet or more at the tops of the high ridges in the vicinity of 
Queniult Lake on the eastern edge of the area. The terraced lowlands 
slope with sUght breaks from the base of the mountains to the coast, 
whereas the mountains rise almost precipitously from the floor of the 
old coastal plain. 

In the vicinity of Queniult Lake the topography is typical of that 
of glaciated areas. In fact, the basin of Queniult Lake itself is 
beheved to be due to a glacier, wliich emei^ed from the Olympic 
Mountains through the U-shaped valley of the upper Queniult River, 
and which deposited the moraine that now forms the dam at the 
lower end of the lake. The present topography in the northern and 
northeastern parts of this field is believed to be partly due to glacia- 
tion. 

STRATIGRAPHY. 

CHAJlACTSIl AHS AQE OF THE BOCES. 

The surface rocks of the greater part of the afea represented on 
Plate II consist of poorly conaohdated clay, sand, and gravel of 
Pleistocene age. Rocks of the older formations are rarely exposed, 
except along the coast and the larger rivers. The smaller rivers and 
creeks in but few places have cut through this Pleistocene veneer 
except near the coast and the moimtains, where it is comparatively 
thin. 

The older rocks in the field, which are unconformably overlain by 
the Pleistocene material, as stated above, are exposed only along the 
coast and the larger streams. Arnold,' who examined the north 
coast and the greater part of the west coast of the Olympic Penin- 
sula in 1904, classes the rocks outcropping on the west coast between 
the northern edge of the area shown on Plato II southward to a point 
about 1 mile north of Cape Elizabeth (location H), as "supposed 
Cretaceous." He states that they — 

consiBt almost entirely of a, coaree gray aandstone with occEteional zones of black shale 
and rarely a little coi^lomerate. The thickness of the formation is probably over 
5,000 feet, although, owing to its complex structure, this is only a very rotigh approxi- 
mation. The aeries is characteriKed by calcite veins, which are abundant in nearly 
all of the exposures. The shales cany some lignite at two or three places, at one 
locality in particular the coal being used locally for domestic purpoees. 

I the coast or the Olympic Peninsula, Wash.: Qed. Soc. 
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He then contlnuea with a discussion of evidences of oil in this 
formation, as quoted on page 26 of this paper. 

In this same report Arnold ' describes three formations — Crescent, 
Clallam, and Queniult — ^which be between the "supposed Creta- 
ceous" below and the unconformable, poorly consolidated Pleisto- 
cene beds aboTe. The Crescent formation is assigned to the Eocene 
series and is described as consisting of "a 1,200-foot series of black 
basalt and greenish basalt tuffs and tufaceous sands found in the 
vicinity of Port Crescent" on the jiorth coast.* No outcrops of this 
formation were recognized in the area shown on Plat« II (p. 78). 

The Clallam formation, which he assigned to the Oligocene and 
Miocene series, is described as follows: 

Resting unconfonnably upoD the Eocene and older rock of the Olympic Peninsula 
is a series of conglomerates, sandstones, and shales rich in fossils and extenMve in 
occurrence. The fonnation is well eiposed between CUllam Bay and Pillar Point to 
the east and for that reason is here named the Clallam formation. * * * A por- 
tion of the formation is unquestionably the equivalent of the Astoria eandstoneti and 
ehales occurring at the mouth of the Columbia River, 130 milefl farther south. 

The rocks exposed in the hills south of Bogachiel River, according 
to Arnold, belong to the same formation. He also believes that the 
thickne^ of the formation in the vicinity of Cape Flattery is approxi- 
mately 15,000 feet. Continuing the description of this formation 
at the type locahty, Arnold states: 

The conglomerates of the series are usually quite coaise and hard and consist of 
pebbles and cobbles of quartzitc, jasper, black slate, and occasional granitics. 
They are found mostly at the base and near the top of the seriee along the straits and 
in the middle of the seriee on the Cape Flatt«ry promontory. • • • The sand- 
stones of the Clallam fmmation are for the most part thin bedded, hard, and resistant 
to erosion, and are extremely foesiliferous in certain localitiee, notably east of Clallam 
Bay. • • " The shale of the Oligocene-Miocene occurs principally in the middle 
of the formation along the etrait (JuandeFuca). The lower part of the shale is thinly 
and plainly laminated, but higher up becomes almost massive clay. * * * The 
shale is gray in fresh exposures, but becomee more or lew oxidized upon exposure. 
• * * Coal occurs in the sandetonee east of Clallam Bay, in the upper part of the 
Oligocene-Miocene series, and in the base of the same series in the vicinity of Fresh- 
water Bay. 

No coal of economic value is known to be present in the area rep- 
resented on Plate II. 

The Queniult formation, which Aroold assigns to the Pliocene,' 
outcrops in — 

a great syncline between Capes Elizabeth and Grenville, through the trough of which 
Queniult River empties into the sea. The formation in which this syncline is devel- 

I Anwld, Ralph, op. clt., pp. 4<XMS5. 

•In a 1aterr«portb7 Arnold and HsroldHumlbal (The marloaTertlarfstTatlgTBphy at the north Pw^lflc 
coMt oT Amerloe; Am, Philm. Soc. Proc., vol. B2, No, 212, p. 573, and correlation (able opposite p. 9M, 
1913) the Crescent tormatloa la ntnaideisd to be the strstlgrapblc equivalent of the Artgo fortostlan. 

■ la the report ot Arnold and HbudHbI, published In 1S13 (op. dt., pp. £89, SSI, S92, and table opposlee 
p. 004}, the Queniult fixmation Is stated lobe otMIoceae and Pliocene age and to include the Btratlgrvihia 
equfvaJents ot the Empire aud Uerced fomtatlons. 
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oped is therefore n&med tbe Queniult. The Queniult conaiBta of over 2,200 feet of 
coDglomeiateB and shale, with minor quantities of Bandstone. The conglomerates 
are developed north of the river, while the ehale with eome underlying eandatoiie 
occuTH aouth ot it. 

Numerous fossils were collected by Arnold in both the Clallam and 
Queniult formations. 

Uoconformably overlying the Tertiary rocks above mentioned 
are the poorly consolidated beds of clay, sand, and gravel of Pleis- 
tocene age, which in places are 300 feet or more in thickness. Beds 
of very poor peatlike lignite occur in these rocks both along the coast 
and Queniult Kiver. 

Weaver,' in a preliminary report on this general region, published 
a map which shows that in his opinion the rocks outcropping on the 
west coast are principally "undifferentiated lower Miocene/' with a 
few exposures of " pre-Tertiary metamorphics " and. a formation 
of upper Miocene age which be designates the Montesano formation. 

The writer collected but few fossils in the field ajid so has little infor- 
mation to add to the existing knowledge regarding the paleontology 
of the region. An attempt is made in the discussion of the various 
rock outcrops to correlate them with the formations named and de- 
scribed by Arnold, a summary of which is given above. 

UETHOD OF PRESENTATION OF THE GEOLOOIO DATA. 

In the study of the stratigraphy as well as the structure of this field 
outcrops of rocks along the coast and in the valleys of the principal 
rivers were carefully examined at places indicated by letters on the 
map (PI, II, p. 78). The structure at these places is shown by dip 
and strike symbols. Wherever anticlines or upfolds are present 
lines indicating their axes are shown. The anticlinal axes are not 
extended far from known outcrops. 

It seems advisable in a report on this region, where information 
regarding the character and thickness of the formations is so meager, 
to describe the outcrops principally by districts rather than by for- 
mations and groups. So in the following discussion the writer has 
described the outcrops of rocks and their structure in regular order 
along the coast from south to north — from Copalis to a point about 
a mile north of Hob Head — and along the streams from their mouths 
toward their sources. The rocks that outcrop- on the coast are de- 
scribed first. Then follows the description of the rocks examioed 
along the rivers and creeks. In describing these outcrops the stream 
valleys are considered in order from south to north as follows: 
Humptulips River, including parts of Camp No, 2 and Stevens creeks; 
Mochps River, Que.iiult River, Queets River, including parts of 
Salmon River and Mathney and Sams creeks; Clearwater River as far 
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east as the west boundary of the Olympic National Forest, Hoh 
Biyer, and parts of Bogachiel and Calawa rivets at the extreme north. 

BOOKS EXPOSED ALONG THE OOAST FROU COFALIS TO HOR HEAD. 

The rocks exposed along the coast between Copalis and Hoh Head 
are believed to include the "supposed Cretaceous," the Queniult 
formation (nowregarded by Arnold as of Miocene and PHocene age), 
and beds of clay, sand, and gravel of Pleistocene age, in addition to 
a small upfaulted block of the metamorphic rooks in the vicinity of 
Point Grenville. Some of the rocks exposed at a few localities are 
very similar to those described by Arnold as belonging to the Clallam 
formation, of Oligocene and Miocene age. 

From Copalis north to a point a short distance south of location A, 
near Copalis Rock, the beds exposed along the coast are almost flat- 
lying, poorly consolidated rocks of Pleistocene and Recent clay, sand, 
and gravel. The rock exposed at location A, near Copalis Rock, 
consists of a bluish sandy clay, which in places gives off an odor of 
petroleum. Large fragments of dark conglomerate, greenstone, 
gray limestone, and coarse gritty sandstone, all cut by thin irregular 
veins of quartz and calcite, are intermixed with the bluish sandy clay. 
These fragments come apparently from the "supposed Cretaceous," 
the same kind of rock as that which constitutes Copalis Rock, which 
liea about 1,200 feet from shore. The exposure here may be due to 
upfaulting of the "supposed Cretaceous" rocks or it may be due to a 
rough surface of the older rocks not wholly concealed by the Pleisto- 
cene cover. Owing to poor exposures it was not possible to measure 
the dip and strike. A well at this locaUty was drilled for oil in 1901 
to a depth of 850 feet but without success, as stated on page 25. 

Pleistocene clay, sand, and gravel, forming cliffs in places as much 
as 75 feet high, are fairly well exposed along the coast between 
Copalis Rock (location A) and a point about 1 mile east and slightly 
south of the extreme end of Point Grenville (location D). For the 
most part these beds lie flat, hut here and there dips are noticeable. 
At location B soft yellow and gray sandstone that dips 3°-4° SE. 
and strikes N. 55° K, is exposed. About a mile farther north, at 
location C, the beds consist of chocolate-colored to yellowish, soft 
argillaceous and conglomeratic sandstone which dips about 4° NE. ■ 
and strikes N. 65° W. Just north of the mouth of Mochps River 
the beds lie practically flat. 

In the vicinity of Point Grenville (locations D and E) there are 
metamorphic rocks which are believed to be in an upfaulted block 
of the old metamorphic rocks that constitute the core of the Olympic 
Mountains. These strata which show along the coast from location 
D to location E are very much broken by faults. A number of large 
castle-like rocks, situated from a few hundred feet to possibly as much 
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as a mile offshore, probably belong to the same formation. At 
location D numerous fragments of metamorphic rocks, some of 
which seem to be in place, lie along the beach. The beds dip 40° N. 
and strike N. 65" W. Little more need be said than that these old 
rocks which form Point Grenvill© consist partly of conglomerate, 
sandstone, and slate, much faulted and broken and cut by veins of 
quartz. 

In the southwestern part of sec. 18, T. 21 N., E. 12 W., a few 
hundred feet west of the road leading from MocUps to Taholah, 
some very much faulted rocks which are believed to be a part of the 
Queniult formation are exposed. These rocks are situated about 
halfway between location D and the southern extremity of Point 
Grenville. At location E there is evidence of a fault trending 
approximately N. 40° W., separating the older rocks from the Queniult 
formation to the north. Directly north of this fault there is a 
prominent slide due to fractures in the strata adjacent to the fault. 

Between locations E and F strata of the Queniult formation are 
well exposed. For a short distance north of location K the beds 
consist of yellowish-gray conglomeratic sandstone that lies almost 
horizontal for about 200 yards; the dip then increases gradually 
to as much as 25° N. and the strike is N. 85° W. A short distance 
farther north an overlying soft, friable concretionary yellowish^ay 
sandstone dips only 21° and strikes practically east. A short 
distance south of the point where the Taholah-Mochps road descends 
to the beach the massive conglomeratic sandstone beds of the Queniult 
formation are terminated abruptly by a small fault. For a short 
dbtance north of the fault along the coast they seem to be replaced 
by soft, sandy clay, gravel, and conglomerate which he nearly flat. 
A little farther north the dip of these beds increases from 5° to 25° S., 
thus forming a small syncline a short distance south of the point 
where the road leaves the beach between locations E and F. The 
Queniult formation in this locality is stained a yellowish color by 
limonite, which has seeped from the overlying Pleistocene beds. 
Between the point where the Mochpa-Taholah road descends from 
the upland to the beach and location F these strata are very much 
disturbed, being broken by small faults and folds and in places 
dipping as much aa 62° NE. From point Grenville to location F 
these rocks are capped by Pleistocene clay, sand, and gravel, in 
places as much as 100 feet thick. Kear the base of this material 
springs are fairly numerous. Between location F and Taholah the 
surface rocks along the coast consist of Pleistocene and Recent sand, 
gravel, and clay. From location G, just north of the mouth of 
Queniult River, to location H, about a mile north of Cape EUzabeth, 
the Queniult formation is again well exposed. At location G the 
formation consists of yellowish-^ay sandstone and conglomerate 
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interbedded. Conglomerate seems to be more abundant in this 
locality than in the same formation south of the river. A. short 
distaDce north of location G the beds dip 21° SE. and strike X. 36° £. 
About one-fourth mile northwest of location O the beds dip about 
13° SE. and strike N. 60° E. From this point northwestward the 
beds dip at slight angles to the south and then gradually flatten and 
continue nearly horizontal to a point a short distance south of 
location H, where the dip increases to 10° SE. and the strike is 
N.20° E., the bed being approximately the same as that on which the 
dip and strike were measured at location G. Just south of location H 
the Queniult formation dips 17° SE. and strikes N. 35° E. 

As stated on page 28, the Indian Oil Co. is drilling a well at a point 
about one-half mile north of location G. The rocks penetrated in 
the greater part of the well are the same as those exposed on the 
coast between locations G and H, whereas the black shale at the 
bottom of the section may be represented at the surface by the dark 
shale that outcrops in the vicinity of location H. The record of the 
well given below states the character and thickness of the strata 
penetrated and also indicates at what depths gas and traces of oil 
were encountered. 

Logo/ Ike Indian. Oil Co. 'g well, in the NW. \ sec. 35, T. Si N., R. IS W., Tuar Taholah. 
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At location H and to the north, for about 1,500 feet along the 
beach, rocks are exposed which are difl'erent from those along the 
beach between locations G and H. These rocks consist of bluish 
sandy shale and shaly sandstone interbedded and are somewhat 
faulted and inclined at different angles. At one place the beds dip 
32^° NE, and strike N. 60° W., but in most places it was impossible 
to obtain good measurements of the dip and strike, owing to slumping 
and the presence of faults. It is beUeved that these beds of bluish 
shale are included in an upfaulted block of the "supposed Cretaceous" 
of Arnold's classification. The exposures along the coast afford no 
indication of the inland extent or direction of these faults. 

The rocks lying north of the blue shale described above, situated 
near location H, are in many respects similar to tbose exposed between 
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locations E and F, south of the mouth of Queoiult Kiver. A few 
hundred feet south of location I, near the point at which the horse 
trail descends to the beach, beds of sandstone that dip 31° S. and 
strike N. 75° E. are exposed. Approximately at location I bluish 
sandy clay interbedded with yellowish argillaceous sandstone is 
exposed. These beds dip 19° SE. and strike N. 27° E. A little 
farther north along the coast soft, friable ai^llaceous, almost mas- 
^ve sandstone, contaiiiing much mica and some concretions, out- 
crops. It dips 26° SE. and strikes N. 15° E. A short distance north 
of location I there is an abrupt change in structure, the beds dipping 
18° E. and striking N. 5° W, The character of the rocks on which 
the above measurements were taken is practically the same as that 
of the rocks at location I. 

At location J, in the SW. i sec. 15, T. 22 N., R. 13 W., beds of 
soft, friable yellowish-^ay sandstone are fairly weU exposed. They 
dip 39" SE. and strike N. 50° E. About three-fourths of a mile 
farther north, at location K, directly north of the mouth of Camp 
Creek, the formation consists of soft gray sandstone containing 
concretionary lenses of hard calcareous sandstone. The surface 
of these beds is stained yellow in many places with limonite. The 
strata dip 57° SE. and strike N. 27° E, From location K northward 
along the coast to location L, in the northeastern part of sec. 4, T. 
22 N., B.. 13 W., the same formation is fairly well exposed. At 
one place about 1 mile north of location E the beds dip 47° E. and 
strike N. 10° E, A measurement was made just south of the point 
where the trail descends to the beach at location L, which shows 
that the beds dip 10° E. and strike N. 5° E. The rocks consist of 
friable ai^illaceous sandstone containing small gray clay balls and 
a few pebbles of harder material. A short distance, possibly 600 
or 800 feet north of location L, the same formation dips 28° SE. 
and strikes N. 16° E. The rocks at this place more nearly resemble 
the rocks exposed on the coast near Copalis Kock, location A, a few 
miles north of Copalis, than do any of the strata exposed between 
locations A and L. A few hundred feet north of location M, just 
south of the "Little Hogback," dark sandy clay having an odor 
of petroleum La exposed. In traversing the coast the writer made 
a car**ful examination for this "smell mud," but at no place between 
locations A and M is any known to be present. The rocks along 
the sea cliff in this part of the coast have slumped considerably, and 
in places the unconsolidated Pleistocene materials are intOTmixed 
with rocks slumped from the older formations. At some places 
the strata are very much disturbed by smaU folds and faults. Just 
north of the "Little Hogback," at location M, the strata dip 60° 
SE. and strike N, 35° E. Between location N and the mouth of 
Raft River the rocks are fairly well exposed. Just south of the 
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mouth of tliis stream there \a a bold promontory which at high tide 
is practically aa island and in which the water has worn large cavi- 
ties and tunnels. On this promontory the strata are much contorted, 
iorming, in a distance of 150 yards, two small syncUnea with an 
anticline between them. The general dip of the strata at this place 
is 50° NW. and the strike N. 65° E. Just north of Raft River a 
massive grayish-hlue sandstone is well exposed in a high cliff. It 
was impossible on account of the massive character of the rock to 
determine the dip and strike on this outcrop. On one of the small 
islands near shore, however, the beds dip 53° NW. and strike N. 
25° E. About 600 or 800 feet north of the mouth of Raft River 
a prominent fault trends approximately N. 80° W, and cuts out 
on the north the massive grayish-hlue sandstone described above. 
The inclination of the fault plane is almost vertical. North of this 
fatdt there is a zone about 50 feet wide in which the rocks are very 
much crushed, so that the dip of the strata could not be deter- 
mined. Th^e strata in places give off the odor of petroleum. Be- 
tween locations O and P, a short distance south of the mouth of 
Kalaloch Creek, the rocks consist of nearly flat-lying beds of clay, 
sand, and gravel of Flebtocene age, which are stained yellow here 
and there by Umonitio water. A thin bed of very poor lignite is 
present in these beds about half a mile north of the mouth of Quail 
Creek. 

At location P, just south of the mouth of Kalaloch Creek and about 
100 yards from the water's edge at low tide, a massive grayish-brown 
sandstone, stuned yellow in places, is fairly well exposed. It is so 
massive that it is impossible to determine its dip and stnke. The 
rocks exposed along the coast for about a mile north of the mouth of 
Kalaloch Creek consist of Pleistocene clay, sand, and gravel, which in 
places contain some Ugnite. The best exposure of this material 
was noted just south of location Q, in the NW. i NE. i sec. 4, T. 24 N., 
R. 13 W, The greatest thickness of the lignite is 5 feet and it is very 
impure. It contains many roots, stumps, and branches of trees . 
wMch have been but slightly altered since their deposition. The 
cliff at this place is about 60 feet high and is made up of flat-lying 
strata of Pleistocene age. A short distance north of location Q 
"supposed Cretaceous" strata are well exposed. They consist o£ 
altematii^ tliin beds of dark and light sandy shale and shaly sand- 
stone from 2 to 3 inches in thickness, which dip 50° E. and strike 
approximately north. For a mile or more to the north aloi^ the coast 
the same formation is well exposed, but at location R these beds 
abruptly give place to the unconsolidated Pleistocene material for 
about one-third of a nule. At location R the strata dip 38° SE. and 
strike N. J2° E. The rocks exposed at location R, just south of the 
place where the Queets-Hoh trail descends to the beach, consist of 
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coarse yellowish-brown massive sands bone that contains in places a few 
pebbles and some hard brown spherical and irregularly shaped con- 
cretions, the cementing material of which is iron. At location S, near 
thecenterof 8ec.28, T. 25N., R. 13 W., the medium-bedded, yellowish 
gray "supposed Cretaceous" sandstone, much folded and in places 
possibly cut by slight faults, is ^ain exposed, dipping in general 55'' 
SE. and striking N. 25° E. At location T, about one-half mile north 
of location S, the sandstone is yellowish brown, coarse grained, and 
in places conglomeratic. It dips about 77" SE. and strikes N. 15° E. 
About one-third of a mile north of location T the beds are also very- 
much disturbed. At one place about 100 yards north of location T 
the rocks consist of alternating beds of sandstone and shale, which 
dip47°SE, and strike N. 18° E. At another place near by hard gray 
sandstone, locally stained yellow, dips 82° SE. and strikes N. 15° E. 
At this place all the strata are overlain unconformably by the Pleisto- 
cene beds, which in addition to clay, sand, and gravel contain 3 to 4 
feet of poor lignite. A short distance farther north the "supposed 
Cretaceous" beds are vertical and strike N. 70° E. These beds 
extend along the coast to location U, in the NE. i NW. i sec. 21, 
T. 25 N., B. 13 W. Northwestward from location U to location V, 
a short distance north of the mouth of Steamboat Creek, the rocks 
exposed at the surface consist of clay, sand, and gravel of Pleistocene 
age. Just north of location V there are exposed thin alternating beds 
of sandy shale and shaly sandstone of different colors, in appearance 
resembling somewhat the stripes in a flag. The beds at location V, 
which are similar to thebe<k exposed at location Q, dip 60°E. and strike 
N. 8° E. At various places fromlocation V northward to the mouth of 
Cedar Creek "supposed Cretaceous" rocks are exposed at low tide. 
They are quite hard, much jointed, and fractured, so that reliable dip 
and strike readings are difficult to obtain. At location W, just south of 
the mouth of Cedar Creek, prominent dark conglomerate in columnar 
form projects from the sand and gravel along the beach. The pebbles 
contained in the conglomerate are of diiferent colors, rai^ng from 
white through gray and yellow to brown, and the largest are one-third 
of an inch in diameter. These pebbles resemble insize and appearance 
the gravel brought up by the bailer from a depth of 450 feet in the 
Jefferson Oil Co.'s well, a few miles to the northwest. The dip of the 
strata at location W is approximately 40° NW. and the strike is 
N, 73° E. This dip and strike measurement was obtained on a promi- 
nent mass of rock which extends into the ocean 100 yards north of the 
mouth of Cedar Creek and which at high tide is an island but at low 
tide is connected with the mainland. Just north of the mouth of 
Cedar Creek the soft sandy clay resulting from the weathering of the 
"supposed Cretaceous" rocksgivesoff an odor of petroleum and is the 
characteristic "smell mud" of this general r^on. Yellowish-gray 
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sandstone of the same form&tion as that above described b exposed 
about one-half mile north of the mouth of Cedar Creek. It dips 33° 
N. and strikes N. 80° E. For about a mile along the coast northward 
from this point the surface rocks are of Pleistocene age. They form a 
cliff 100 to 150 feet in height, from which lai^ elides have occurred 
in the poorly consolidated sand and gravel. From the north end of 
this exposure, at location X, to a point about one-fourth of a mile 
south of the mouth of Hoh River, sandy clay very much disturbed by 
slumps and slides is exposed. It was impossible to obtain any dip 
and strike readings on these rocks, but at location Y, just east of the 
old dance hall at the Hoh Indian village, the strata are well exposed, 
dippii^ 29° E, and striking N, 10° W. About one-fourth of a mile 
south of location Y "ameU mud" is plentiful. It is reported that oil 
seeped from this sandy clay profusely until it was covered by a 
shde that occurred a few months previous to the time of the writer's 
visit. Since that time no one has been able to discover any evidence 
of oil issuing from the sea cliff. 

Between the mouth of Hoh River and a point on the beach about 
1 mile north of Hoh Head, near the center of sec. 2, T. 26 N., R. 14 
W., the "supposed Cretaceous" rocks are well exposed. The most 
prominent feature is a narrow anticline, the axis of which extends 
in a northeast-southwest direction through the nortliem part of sec. 
13 and the southern part of sec. 12 of the same township, and pre- 
sumably through the center of sec. 7, T. 26 N., R. 13 W. At location 
Z, in the SW. i SW. } sec. 18, T. 26 N., R. 13 W., "smell mud" is 
very plentiful. At this place the rocks which give off the odor of 
petroleum consist of alternating "flaglike" beds of yellowish-gray 
argillaceous sandstone and chocolate-brown soft clay shale. TTiese 
beds are folded and disturbed, so that a reliable measurement of the 
dip and strike could not be made. Just northwest of location Z there 
is a very narrow anticline. The strata near location Z dip about 41° 
NE, and strike N. 40° W., whereas a little farther north the dip b 
54° NE. and the strike N. 50° W. There are so many small folds 
and faults that no two measurements of the dip and strike agree. 
Near" this locality and about one-third of a mile north of the mouth 
of Hoh River a dip of 26° N, and strike of N. 80° W. was measured 
on a bed of greenish-gray sandstone overlain by coarse sandstone 
and conglomerate, the largest bowlders of which are 18 inches in 
diameter. A short distance south at low tide it was possible to de- 
termine that the beds flatten to a dip of 15° N. and the strike changes 
from N. 80° W. to N. 80° E. on the same stratum. 

At location AA, a few hundred feet northwest of location Z, beds 
of resistant conglomerate and greenish-gray sandstone are well 
exposed. The sandstone, in the form of small lenses and beds 40 to 
60 feet thick, is interbedded with the conglomerate, which is com- 
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posed of pebbles and bowlders rajiging in size from sand gr^s to 
bowlders 3 feet in diameter. The beds are much jointed and folded, 
and at one point on the south flank of the major anticline on which 
the Jefferson Oil Co.'s seep is situated they dip about 77° SW. and 
strike ^^. 55° W. 

The rocks exposed at location BB consist of bluish-gray ai^illa- 
ceous sandstone and interbedded thin sandy shale, which dip 40° 
SE. and strike N. 35° E. Approximately 75 per cent of the mass ia 
sandstone and the remainder is shale. AU these rocks are much 
jointed and slickensided, showing that they have been subjected to 
great pressure and movement. Owing to the presence of slides and 
slumps of "supposed Cretaceous" rocks and aJso of the overlying 
Pleistocene material, exposures are poor for about one^third of a 
mile north of this outcrop and almost an equal distance to the south. 

The Jefferson Oil Co. drilled a well to a depth of 868 feet at'a point 
about one-third of a mile north of location BB, The section of strata 
penetrated by the drill is as follows : 

n the SW. J SE. \ Bee. 12, T. S6 N., 
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The section of strata exposed in the shaft at the Jefferson Oil Co.'a 
seep a few hundred feet north of the well is as follows: 

Seawn of ttrala in Ihe Jefferton Oil Co.'t shaft m tht }}W. I SE. \ kc. IS, T. 16 N., 
R. U W. 

rt. In. 

Soil, dark 1 6 

Clay, yellowish, sandy 9 

Shale, bluish, sandy (oil Batutated) 7 6 

18 

The oil seeps from the lower bluish sandy shale and is not present 
in appreciable quantities in the overlying yellowish clay. 

The rocks at location CC, just south of Hoh Head, lie on the north 
flank of the prominent antichne referred to above. They consist of 
brownish-gray sandstone interbedded with a small proportion of 
dark carbonaceous shale. In places the strata are broken by small 
faults which cut the rocks obliquely to the bedding pianos. Lenses 
of conglomerate, consisting of pebbles and bowlders of bluish-gray 
saiidstone, sandy clay, limestone, and quartzite with much lime and 
iron in the cement are present in the sandstones. Minute veinlets 
and stringers of calcite or quartz cut all the strata. A little coal 
(as much as one-half inch thick in places) also occurs in these beds. 
The strata on the beach dip about 80° NW. and strike N. 28° E,, 
whereas on the hillside, about 100 feet higher, the beds consist of 
alternating layers of yellowish-brown and gray sandstone and sandy 
shale which dip 41° NW. and strike N, 15° E. 

On the north side of Hoh Head, a few feet east of the trail and 
possibly a hundred yards from the ocean, a small landslide has 
exposed bluish stmdy shale which gives off the odor of petroleum- 
It was not possible to measure the dip and strike of these beds. 
The rocks exposed on the beach just east of location T>D consist 
of bluish-gray sandstone and sandy shale, which weather into bluish 
sandy mud and in places give oflf the odor of petroleum. At loca- 
tion DD, on the north side of Hoh Head, several hundred feet of 
yellowish-brown, somewhat argillaceous sandstone is exposed, dip- 
ping approximately 45° SW, and striking N. 65° W. At location 
EK, which is almost 1 mile north of Hoh Head, gray cai'bonaceous 
and argillaceous sandstone containing thin lenses of coaly material 
one-half inch in maximum thickness is exposed. The general dip 
of the strata here is approximately 60° E. and the strike is N. 10° W. 
Some small faults cut the rocks in this locality, 

Liocation EE is the northernmost point along the coast visited 
by the writer. The rocks exposed farther along the coast for a 
mile or more apparently belong to the same formation as do those 
in the vicinity of Hoh Head. 

Digit zed by Google 
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To summarize, the oldest rocks exposed along the coast between 
locations A and EE axe at Point Grenville. Here the old metamor- 
phic series has been upfaulted and is represented not only by the 
rocks exposed between locations D and E, but also by those very 
resistant rocks which form the numerous islands in this locaUty a 
mile or more from the coast. 

The "supposed Cretaceous" rooks are beheved not to outcrop 
south of location H, about 3 miles northwest of Taholah, except 
possibly at location A, near Copalis Rock. From present knowle<^e 
it seems very probable that practically all the strata, with the excep- 
tion of the Pleistocene clay, sand, and gravel discussed below, that 
outcrop along the coast between locations H and EE belong to the 
"supposed Cretaceous" formation. The only other outcrop of rocks 
of probably the same age are those exposed in a very small area 
just east of Copalis Rock at location A. 

The Queniult formation outcrops in the vicinity of the moutli of 
Queniult River, between locations E and'H. As stated above, some 
of the rocks exposed in the vicinity of locations J and K very much 
resemble the Queniult formation at its type locality. 

The Pleistocene beds are exposed almost continuously from Copalis 
northwestward to location D near Point Grenville, and are again 
exposed continuously for a number of miles in the vicinity of the 
mouth of Queets River from JocationO to location Q, with the exception 
of a small isolated outcrop of "supposed Cretaceous" rocks just 
south of the mouth of Kalaloch Creek. Farther north along the 
coast they are also exposed between locations R and S, in the southern 
part of sec, 28, T, 25 N., R, 13 W,, for about one-half mile, and again 
for a mile or more directly southeast of the mouth of Steamboat 
Creek, between locations U and V. From a point about one-half 
mile north of location W, near the mouth of Cedar Creek, the Pleisto- 
cene beds are well exposed northward as far as location X. In 
addition to the exposures along the coast the Pleistocene caps prac- 
tically all of the exposures of the Queniult formation and the "sup- 
posed Cretaceous" rocks. 



The rocks exposed along that part of the lower course of Hump- 
tulips River shown on Plate II (p. 78) and extending as far northeast 
as tlie bridge over the river about a mile above Humptulips post 
office are believed to consist entirely of poorly consolidated clay, 
sand, and gravel of Pleistocene age. The writer did not make a 
thorough examination of the lower course of this river, but at all 
points where the valley was examined these beds are exposed. A 
very careful examination of the strata was made along Camp No. 2 
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Creek for about a mile and a half above its mouth, which is about 2^ 
miles above the junction of Big Creek with Humptulips Kiver, at the 
extreme southern edge of the area represented on Plate II. The 
result of the examination along this creek definitely proves that the 
rocks are of the same age as those exposed along that part of the 
lower course of Humptulips Eiver shown Plate II, namely, of Pleisto- 
cene age. These rocks on Camp No. 2 Creek consist of yellowish- 
brown conglomerate, with lenses of soft gray sandy clay alternating, 
immediately beneath soft bedded sandstone, with yellowiah-gray 
sandy clay. Some of the gray sandy clay includes Ist^ numbers 
of fragments of stems of vegetation similar to grass. At one place 
a very distinct leaf was found in rather hard, yellowish sandy shale. 
The conglomerate consists of pebbles, probably derived from the 
metamorphic rocks and also probably from some of the "supposed 
Cretaceous" sandstones. This conglomerate is much cross-bedded 
and in places shows evidence of having been deposited by streams. 
At one locality a piece of lignite about 6 inches thick was found, 
but at no place along the stream between locations A and B is any 
lignite exposed in the walls of the valley. The beds lie practically 
flat, .but at one place, about a mile southeast of location A, they 
dip 6° N. and strike approximately N. 70° W. 

At location C, on Stevens Creek, in the NE. i sec. 7, T. 20 N., K. 10 
W., an extensive outcrop of the Pleistocene beds occurs. These 
strata are about 75 feet thick and consist principally of poorly 
consolidated gravel and sand. 

About li miles east of Humptulips, on the south side of Humptulips 
Kiver and about one-third of a mile above the wagon bridge, at 
location D, there are beds of dark bluish-gray shale which conttun 
thin lenses of iron-stained sandy material and numerous iron nodules. 
The nodules range from one-half to 1 inch in thickness and some of 
them are 2 feet in length. The outcrop at this place occurs in the 
edge of the stream and is entirely covered at high water. It is quite 
probable that these beds, which dip 69° NE. and strike N. 65° W., 
are of the same age as those along the coast which have been classed 
aa "supposed Cretaceous." 

In examining the outcrops along Humptulips River the writer did 
not follow the stream channel except in places but traversed mainly 
the wagon road from which he departed here and there to note the 
character of the rocks in the valley. At location E, at the bridge in 
the southern part of sec. 9, T. 20 N., R. 10 W., yellowish-brown fine- 
grained argillaceous sandstone, somewhat massive in character, is 
exposed. Owing to the absence of definite bedding planes the dip 
and strike could not be determined. Just below the forks of Hump- 
tulips River, at location F, beds of Pleistocene age are well exposed 
along the north side of the river for several hundred yards. These 
beds lie practically flat and consist principally of a poorly consoli- 



50 CONTBIBUTIONB TO ECONOMIC QEOLOQY, 1913, PAMT U. 

dated conglomerate with some clay and a little lignite, as shown by the 
following section: 

Fleittoeene beds ezpoied at location F.jutt btlow tilt forts of Humptulipt River. 

FMt. 

Conglomerate, prxirly consolidated iO±: 

Clay, bluish, sandy, soft 10± 

lignite, very impure (little more than peat) 1± 

Clay, bluish soft, Andy 4± 

55d: 
The strata are fairly well exposed at a small falls at location G, in 
the south half of sec. 6, T. 20 N., R. 9 W., just north of the wagon 
road and a short distance south of HumptuUps River. The rocks 
here consist of a coarse brownish sandstone which in places contains 
gTMns and small pebbles of greenish material one-tenth of an inch in 
diameter. The rocks exposed below the falls are probably 60 to 80 
feet thick and are predominantly sandy but less resistant than the 
rocks directly overlying them. The strata dip 53" SE. and strike N- 
65° E. At location H, just north of the wagon bridge over the east 
fork of Humptulips Kiver, approximately in the SW. J sec, S, T, 
20 N., R. 9 W., a great thickness of bluish sandy shale with inter- 
calated beds of shaly sandstone of the same color is exposed. Numer- 
ous slides and slumps have occurred here, but the loosened material 
has been carried away and the bedrock exposed by the frequent 
"splashings" and "sluicings" at the logging camps farther up the 
river. The beds dip about 55° SE. and strike N. 26° E. These " 
rocks resemble very much the bluish sandy shale exposed on the 
beach near Copahs Rock (location A). Rocks having the same 
characteristics are exposed along the south side of the river in the 
southwestern part of sec. 5, T. 20 N., R. 9 W. At location I, in the 
NE. i sec. 5 of tho same township, about li miles upstream from the 
wagon bridge, yellowish-gray sandstone and sandy shale that dip 
about 72° NE. and strike approximately N. 40° W. are exposed for a 
short distance. The easternmost outcrop of sedimentary rocks along 
the east fork of HumptuUps River is at location J, in the NW. j 
sec. 35, T. 21 N., R. 9 W. These rocks, which are well exposed 
for a short distance along the north sirfe of the wagon road, consist of 
gray sandy shale, dipping about 66° SW, and strildrLg N. 35° W. This 
exposure is less than 100 feet west of what is believed to be the contact 
between the sedimentary and the igneous rocka. Northeastward 
from location J to East Fork dam (location K) the rocks exposed along 
the river and wagon road are igneous and are presumably older than 
those exposed farther west. 

The oldest rocks examined along HumptuUps River lie between 
locations J and K, in the southeastern part of T, 21 N., R. 9 W., and 
are believed to be of igneous origin. Along the river, between 
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locations D and J, &1I the rocks examined are considered to be the 
equivalent of or possibly younger than the "supposed Cretaceous" 
rocks exposed along the coast in the vicinity of the mouth of Hob 
Kiver. T^e rocks exposed along the lower course of Humptulips 
Kiver and its tributaries and also near the forks of the river consist 
of Pleistocene clay, sand, and gravel, and, in addition, these eame 
materials cap ^1 the older, more resistant rocks along the river 
valley. No indicstions of oil or gas in the fonn of oil see[)s, gas 
venta, or "smell mud" are known to exist in this valley. 
SOOKS BXPOSBD ALONQ UOCLIF8 BIVBK. 

The rocks exposed along the lower course of Moclips River west^ 
ward from location A are composed of clay, sand, and gravel of 
Pleistocene age. At location A, in the NE. j sec, 7, T. 20 N., R. 
12 W., the following section of rocks, which are believed to belong to 
the Queniult formation, are well exposed: 

Bockto/the Qvtniult (t) formation expoted ahrt^ Modipt River at location A. 

Ft. In. 

Sandstone, yellow. Enable 30 

Saodatone, very oigilUceous; contaiiu thin lieda of conglomer- 
ate, tlie pebbles of which range from the eize of sand grains 

to as much as 1 inch in diamet«r 20 

Conglomerate, yellowish, lower part chocolate-brown to yellow, 
pebbles and bowlders range in size from sand grains to as 
much as 10 inches in diameter and consist prindpally of 
' metomorphic rocks and "supposed Cretaceous" sandstone... 25 
Lignite, veryimpure,peatlal£e(dip38''SW.,8trikeN.15°W.)-. 1 8 
Clay, bluish gray and yellowish, sandy; sand increases in the 

lower part 35 

Shale, containing thin lenses of lignite 1 

Clay, sandy, carbonaceous, lower part bluish 12 

Conglomeiate, containing bluish pebbles, the latest 6 incheein 
diameter, belonging principally to the metomorphic series. . . 2 6 

Sandstone, yellow, soft, ai^illaceous 3 

Conglomerate, yellowish; pebbles range in eize from sand grains 
to 3 inches in diameter; abouteOpeicentfrom the metamor- 
phic rocks and the remainder from "supposed Cretaceous" 

rocks _ 18 

Poorly exposed (probably consists of conglomerate and sand- 
stone) 100± 

Sandstone and sandy clay, yellowish 15 

Clay, bluish, containing thin beds of lignite, one at the base 
about 2 feet thick, the other just above the middle (dip 43° 

SW. and strike N. 20° W.) 50 

Sandstone, yellow and brown, containing a little conglomerate 
near the middle (dip 45° SW. and strike N. 25° W. near the 

middle of these rocks) 120 

Sandstone, bluish, argillaceous 2 

t, yellowish and brown, contains little coi^lomerate. . GO 
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At locatioQ B, about 1 jnile upstream from location A, the same 
fonnation outcrops on the north side of the riTer. Here the rocks 
conedst of brownish-^ray sandstone from which issue many seeps of 
limonitic water. At this locality the beds dip 10° NE. and strike 
N. 20''-30° W., bdu^ mudi more nearly flat-lying than farther down- 
stream. At location C, approximately in the SW. i sec. 3, T. 20 N., 
R. 12 W., sandstone of the Queniult (f) formation is again exposed. 
The strata dip 15" NE. and strike N. 35° W. The writer traversed 
MocUps Kiver as tar northeast as M. E. Smith's shingle-bolt camp, 
situated about a mile farther upstream than location B. AH ih.e 
rocks exposed between location G ajid the above-mentioned camp 
are of Pleistocene age. The foreman of this camp, who has traversed 
the entire length of Mochps River and the adjacent country, reports 
that all the rocks exposed northeast of the camp are practically the 
same as the beds exposed near the camp, which are of Pleistocene age. 

KOCKB EZP08BO ALONG QTrENnTZ.T BIVSS AKD r.tmr. 
At location A, on the south side and about li miles from themout}i 
of Queniult River, 400 to 500 feet of soft yellowish sandstone and 
conglomerate are exposed. The pebbles in the conglomerate consist 
of hard material stained brown and the largest are 6 inches in diame- 
ter. These beds, which dip 23° E. and strike N. 8° E., are believed 
to be a part of the Queniult formation, which is well exposed along 
the coast both north and sou th of the mouth of Queniult River. The 
same formation is exposed on the north side of the liver at location 
B, about one-half mile cast of location A. At this place a little fine- 
grained conglomerate, capped with slightly consoUdated Pleistocene 
rocks, outcrops a short distance above water level. The strata dip 
17° SE. and strike N. 15° E. Southeast of location B several feet of 
Pleistocene sand and clay is eqwsed at location C, on the east side 
of a small creek emptying into Queniult River from the north. At 
location D, on the south side of the river, in the SE. J sec. 6, T. 21 N., 
R. 12 W., very soft, poorly consolidated sand and con^om^ate, sim- 
ilar to those beds described at location A, are well exposed for a short 
distance. At this place there is a fault and an abrupt flexure of the 
strata. The fault trends N. 30° W. and is nearly vertical. About 
20 feet east of the fault the strata dip 70° NE. and strike approxi- 
mately N. 60° W., but 50 feet farther east the beds flatten to a dip 
of about 20°. Southwest of the fault, along the south side of the 
river, there is a very prominent slide 300 or 400 feet in width, com- 
posed of soft blue mud, but no indications of petroleum gas were 
noted. The exposure of soft bluish sandy mud is bounded on the 
northwest by a conspicuous outcrop of fairly well consolidated sand- 
stone and conglomerate approximately 125 feet thick. It is proba- 
ble that a fault separates these beds from the slide, although no defi- 
nite evidence was obtained regarding it. All the beds at location D 
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are unconfonnably overlain by beds of Pleistocene sand, clay, and 



For several miles up the river no Tertiary or older rocks are exposed , 
but at various places described below the beds of Pleistocene age out- 
crop and in places contain not only the characteristic clay, sand, and 
gravel but eJso thin beds of very impure lignite. Iliis material can 
hardly be considered lignite, but might more properly be classed as 
peat. However, the term " lignite " has been already used in this 
report and hereafter wherever it occurs it wUl be undeistood aa ap- 
plied to this veiy poor peatlike material. 

At location E, on the north side of the river opposite Billy Snell's 
place, a cut bank exposes several feet of bluish sandy clay overlain 
by a little t^ite and unaltered wood, which in turn is overlain by 
about 25 feet of yellowish-gray conglomerate. The pebbles of this 
conglomerate consist principally of smooth subangular fragments of 
metamorphic rocb. la places the bowlders reach a maximum size 
of 18 inches, but for tiie most part they are less than 6 inches in diam- 
eter. At location F, about 1 i miles upstream from location E, beds 
of Pleistocene age are exposed on the south side of the river for a 
short distance, and again at location G in the NE. i sec. 3, T. 21 K., 
R. 12 W. 

Probably the most prominent exposure of the Pleistocene along the 
whole course of Queniult Eiver is found at location H, northeast of 
John Chowchow's place. The bluff on the north side of the river at 
this place is about 300 feet high, and consists of poorly consolidated 
yellowish sandstone and grayish conglomerate with a little bluish- 
gray sandy clay. A detailed measurement of these strata was not 
made, but from the fairly large pieces of lignite found in the talus 
near the water's edge it is believed that a lignite bed 1 to 2 feet thick 
is present in the upper part of the bluff. The beds lie practically 
flat. The ridge into which Queniult River now impinges to form 
this prominent bluff trends approximately N. 10'^ E., but it is not 
present near the stream on the south side of the valley. 

At location I, about 1 mile northeast of location H, on the south 
side of the river and also southwest of the mouth of a small creek, a 
bed of resistant dark-gray sandstone overlain by sandy shale is ex- 
posed a short distance above the water. This exposure is of small 
extent and is believed to be the easternmost outcrop of the Queniult( t) 
formation on Queniult River, but it may be part of the "supposed 
Cretaceous" formation, in which case it is necessary to assume the 
presence of a fault or a fold lying to the west. The strata here dip 
approximately 43° NE. and strike N. 70° W. Between location I 
and Burnt HUl (location R, described below), a distance of about 15 
milee by the river, no rocis older than Pleistocene are exposed along 
the river banks. These exposures are described hereafter, together 
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with certain indications of the presence of older rocks near the 
surface. 

At location J, on the south aide ot the river, about one-third mile 
west of Tommy Ford's place, about 15 feet of bluish sandy clay, over- 
lain by approximately 20 feet of poorly consolidated conglomerate, 
is exposed for a short distance. At location K there is a large rapids 
locally known as Bookrock Rapids, in which numerous large bowlders 
and angular rocks suggest the existence of a ridge or ledge of meta- 
morphic rocks near the surface st this place, unless they have been 
carried here by the glaciers from Olympic Mountains. A very 
laige erratic at location O, on Queniult River, described below, 
BU^ests that these lai^e fragments of rock were brought by ice. 

Just upstream from Bookrock Rapids, on the south side of the 
river, dark-bluish sandy clay about 15 feet thick, overlain by poorly 
consolidated sand and gravel about 40 feet thick, both of Pleistocene 
age, is exposed for a short distance. Another very striking exposure 
of Pleistocene rocks occurs at location L, on the north side of the 
river, approximately in the NW. i sec. 21, T. 22 N., R. 11 W. The 
greater part ot this consists of almost flat-lying beds of bluish sandy 
clay, sandstone, and conglomerate, as shown by the following section : 

Pleitloeene b«d» expotrd at location L, on Queniult River, 

Ft. In. 

Clay, sandatone, and conglomeiate; capped with aoil, poorly 

exposed 20± 

Sand and gravel, poorly coneolidated 12± 

Lignite, very impure 8 

Clay, drab, aandy 4 

Lignite, brown, very impure (about 200 feet west the lignite 

bed ia replaced by other rocks) 3 

Conglomerate and Band, interbedded with some blue sandy clay; 
pebbles of conglomerate range in size from sand giaina to 9 
inches in diameter, and coosiat of sandstone and fragments of 

resiBtant metamorphic rocks 60± 

Clay, bluish, sandy, to river level 10± 



The section above described gives an idea of the thickness of the 
beds overlyir^ the entire area west of the Olympic Mountains. The 
bluff in which these strata are exposed is 600 or 700 feet long. At 
location M, on the south side of the river, about one-half mile west 
of the mouth of Cook Creek and about 2 miles upatream from location 
L, there is a bluff 40 to 60 feet high in which bluish clay mixed with 
sand, gravel, and bowlders, the largest of which are 1 foot in diameter, 
is exposed in the lower 30 feet of the outcrop. Just above this bluish 
clay about 10 feet of grayish conglomerate is exposed. 

The lower course of Cook Creek was examined as far east as location 
N, a distance of more than a mile. The rocks outcropping along this 
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portion of the stream are either of Pleistocene or Kecent age and con- 
sist of poorly consolidated clay, sand, and conglomerate. The banks 
of the creek are not more than 15 feet high and are covered to the 
water's edge with a very dense growth of timber and undeffbrush. 

At location O, on the south side of Queniult River and about three- 
fourths of a mile from the mouth of Cook Creek, there is a large rock 
approximately 25 feet long, 15 feet wide, and 15 feet high. This rock 
is very hard and resistant and is piipilar to that exposed at Burnt Hill, 
about 6 miles upstream, hereinafter described. It "was impossible 
to determine whether or not this rock is in place, but as no other rocks 
of similar composition are exposed near by it seems probable that it 
is an erratic. Its presence here, together with the large bowlders de- 
scribed in the vicinity of Bookrock Eapida, 5 or 6 miles below, sug- 
gest strongly that glaciers from the Olympic Mountains extended to 
this locahty and brought these inunense fragments of rock at least 
from the vicinity of Burnt Hill if not from the main range east of 
Queniult Lake. 

A short distance upstream from location O, and on the north side 
of the river, a cut bank exposes about 50 feet of poorly consolidated 
croaa-bedded conglomerate of Pleistocene age. At location P, about 
one-halt mile southwest of the mouth of Boulder Creek, approxi- 
mately in the western part of sec. 14, T. 22 N., B. 1 1 W., blue clay of 
Pleistocene age ia also exposed. As lai^e quantities of this clay occur 
at many places along the streams several miles inland it ia suggested 
that it may be valuable for the making of bricks. It has not been 
tested, but is believed to be worthy of examination by those interested 
in such materials. Owing to its location it is not of value at the pres- 
ent time, but in the future, when this region may be rather densely 
settled, it probably will be of considerable importance. 

The Pleistocene beds are well exposed at location Q, on the north 
side of Queniult River, a short distance northeast of the mouth of 
Boulder Creek. At this place the lower part of the Pleistocene expo- 
sure consists of very fine bluish clay and the upper part of a poorly - 
consolidated conglomerate. There ia a marked local unconformity 
separating the two. The upper 4 inches of clay underlying the con- 
glomerate is stained yellowish gray with iron, which is the principal 
cementing material of the overlying conglomerate. 

No extensive exposures were noted between location Q and loca- 
tion R on the north side of Queniult River, approximately in sees, 1 
and 12, T. 22 N., R. 11 W. Location R ia locally known as Burnt 
Hill on account of the vegetation having been bumod several years 
ago. The rock, probably greenstone, exposed in Burnt Hill is dark 
greenish gray and belongs to those rocks of the Olympic Peninsula 
that have been designated the old metamorphic series. In places 
the fractures and joints have a purphsh color, but where the rock is 
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much weathered the color is lighter and has somewhat of a greenish 
tinge. Two sets o( joints cut the rock, one trending N. 55° E. and 
dipping about 77" NW., and the other trending N. 85° E. and dip- 
|nng about 80° N. The smooth rounded surface of Burnt Hill sug- 
gests that it has been glaciated. 

At location S, on the north side of the rirer, in the S. i sec. 5, T. 22 
N., R. 10 W., Pleistocene conglomerate approximately 100 feet 
thick is exposed. At location T, in the S. i sec. 35, T. 23 N., R. 10 
W., about 3} miles upstream from location S and about one-half mile 
east of Shortys Rapids, large amounts of bluish sandy clay are exposed 
on both sides of the river. The clay is very distinctly bedded and 
quite soft and slippery when wet. At location U, locally known as 
the Blue Banks, about 1^ miles upstream from location T, 40 to 60 
feet of bluish sandy clay containing thin, lenses and beds of gravel 
overlain by yellowish-grsy poorly consoUdated conglomerate 30 to 
40 feet thick is exposed. The conglomerate is well stratified and dips 
slightly to the west. Farther up the river, at location V, which Ues 
between location U and the west end of Queniult Lake, the beds of 
Pleistocene sand and gravel dip to the west at angles as high as 30". 
Aa stated under the heading "Topography" (p. 36) it is believed 
that without question the Pleistocene deposits In the vicinity of 
Queniult Lake are of glacial origin and that the lake itself is due to 
the presence of a prominent terminal moraine crossing the valley in 
a northwest-southeast direction through the souiheastem part of T. 
23 N,, R. 10 W. The glacial deposits are known to surround the 
western part- of Queniult Lake and are believed to extend for several 
miles both to the northwest and southwest from the lake. At the 
northeast end of the lake apparently glaciated metamorphic rocks 
are exposed and they also show at location W, about one-fourth of a 
mile west of Higley's hotel. The outcrop at this place is known 
locally aa Onion Rock from its very smooth surface, which is probably 
the result of glaciation. Two other exposures of similar rock were 
seen on the same side of the lake and about 1 mile west of Iligley's 
hotel. The remainder of the rocka surrounding Queniult Lake, as far 
as the writer is aware, belong to the poorly consolidated beds of clay, 
sand, and gravel of Pleistocene age. 

The gas which issues from the water near the upper end of the 
lake and also near the bridge over Canoe Creek at Higley's hotel 
escapes through beds of Pleistocene and Recent age. 

To summarize, metamorphic rocks are exposed along Queniult 
River and Queniult Lake at two localities — one at Burnt Hill, in 
sees. 1 and 12, T. 22 N., R. 11 W., and the other on tho north side 
of Queniult Lake in the vicinity of Higley's hotel. One of the most 
conspicuous of these outcrops on the lake is known as Onion Rock. 

, 1,1 zed by Google 
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The rocks exposed at locations A, B, D, and I are believed to be 
outcrops of the Queniult fonuatioQ, although it is possible that the 
exposure at location I is composed of "supposed Cretaceous" rocks. 

AU other exposures along Queniult River and Queniult Lake are 
believed to be of Pleistocene and Recent age. 

BOCKS EXPOSBS AliOlfO QUBETS BIVBB TBOU ITS KOUTH TO THE 
KOUTH OF SAKS OBBBK AlTD AIXING THB I^VEB COUBSES OV 
SALMON BTVBB ANU MATHBNT AND SAMS OHBBKS. 

QUEETS BIVEB. 

The rocks exposed at the mouth of Queeta River for about a mile 
from the ocean consist of beds of clay, sand, and gravel of Pleistocene 
age. At location A, on the south side of the river, near the center 
of sec. 35, T. 24 N., K. 13 W., dark bluish-gray sandstone, stained 
yellow in places with limonite, is exposed for a short distance. The 
strata dip 70° N. and strike N. 15° E. About one-half mile upstream 
and on the north side of the river, in the vicinity of location B, rocka 
of the same formation ("supposed Cretaceous") are exposed. They 
consist of about 200 feet of gray coarse-grained thin to medium 
bedded sandstone, overlain by approximately 400 feet of dark-bluiah 
sandy shale. The shale is characterized by weathering into small 
cubes, the joints of which have a conchoidal fracture. The under- 
lying sandstone dips about 38° SE. and strikes N. 32° E. Possibly 
a thousand feet farther upstream the shale dips 48° SE. and strikes 
N. 25° E. Both the sandstone and shale in this exposure are broken 
by faults and are somewhat contorted by small folds. The upper 
part (stratigraphically) of the shale is more sandy than the lower 
part and contains "daglike" beds, which consist of alternating beds 
of shaly sandstone and darker sandy shale, each bed of which ia 
generally from 2 to 3 inches thick. A few hundred feet farther 
upstream the "flagUke" beds overlain by bluish sandy shale dip 
about 24° SE. and strike N. 50° E. At location C, approximately in 
the SW. i sec. 36, T. 24 N., R. 13 W., and on the west side of Queets 
River, yellowish-gray slightly ai^llaceous "supposed Cretaceous" 
sandstone, which dips 29° SE. and strikes N. 20° E., is well exposed 
for a few hundred feet. The shaly "flaglike" beds of this formation 
are exposed at location D, just above Moses Bend. The strata are 
so much folded and broken by small faults that dip and strike read- 
ings have little value and hence none were made. At location E, on 
the south fflde of the river about half a mile f Mother upstream, a very 
ai^illaceous sandstone, which dips 43° NE. and strikes N. 66° W., 
is exposed. About half a nnle farther upstream, at location F, in 
the NW. i sec. 31, T. 24 N., R. 12 W., just west of the mouth of 
Elk Creek, a very massive, much jointed, and fractured dark-gray 
sandstone outcrops for a short distance along the river bank. The 
beds dip 58° NE. and strike N. 30° W. The "supposed Cretaceous" 
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rocks ue well exposed for Beveral hundred yards along the south 
bank of the river at location Q, near Frank Harlow's place, at the 
mouth of Clearwater Biver. The westernmost exposure in t.hia 
locality consists of the "flaglike" beda of sandstone and shale, which 
dip about 32° SW. and strike N. 45° E. A few hundred feet farther 
northeast, in front of the house, dark-bluiah iron-stained sandy shale 
is exposed for about 125 feet. The shale resta with apparent con- 
formity on the "flaglike" beda just described; it dips about 51° NE. 
and strikes N. 16° W. The apparent discordance in the strike of the 
rocks at these two places so near each other ia due probably to a 
minor fold. At location H, on the north side of the rirer, about 
one-half mile northeast of Frank Harlow's, there ia about 40 feet 
of dark-^ay fine-grained argillacaoua aandstone that dipa 36° NW. 
and strikes N. 30° E. At location I, in the NE. J aec. 28, T. 24 N., 
K. 12 W., 75 to 100 feet of almost flat-lying beda of Pl^tocene 
conglomerate and sandy clay is exposed. 

In the vicinity of the mouth of Salmon River there are broad 
bottom lands to the south and west of both Salmon and Qaeets rivers. 
On the north side of Queeta River in this locality and within possibly 
one-fourth to one-third of a mile of the stream there are terraces 50 to 
75 feet above the level of the river flood plain. These terracea conaist 
of practically the same material as that exposed at location I except 
that it has been worked over by the preaent stream since Pleistocene 
time. 

At location J, on the north side of Queets River, in the NW. i sec. 26, 
T. 24 N., R. 12 W., 600 to 800 feet of thin-bedded gray "supposed Cre- 
taceous" sandstone is exposed at low water. The bed dips 42° E. and 
strikes north at the west end of the exposure, whereas it dips 48° SE. 
and strikes N. 25° E. at the east end. At location K, on Hartzel 
Creek near its mouth, in the SE. i sec. 26, T. 24 N., R. 12 W., a very 
hard yellowish-brown sandstone, which dips 31° E. and strikes north, 
is exposed a short distance southeast of the cabin on the Bill Donald- 
son homestead. On the same side of the river, and about 300 yards 
upstream from the Donaldson house, hard gray fine-grained sand- 
stone, which dips 47° SE. and strikes from N. 25° E. to N. 65° E., is 
exposed for a few hundred feet. The strata are also fairly well 
exposed for about one-half mile at location L, on the south side of 
the river, in the vicinity of the mouth of Mud Creek. The rocks at 
the western end of this outcrop, which is about one-third of a mile 
east of the Steeple place, consist of hard massive quartzitic sand- 
stone overiain by medium-bedded, very dark gray, somewhat argilla- 
ceous sandstone. At one place near the west end of the exposures 
the quartzitic sandstone shows in the river bed at a low stage of 
water in the form of a half dome. The sandstone is about 20 feet 
thick and is overlain by more than 300 feet of dark gray ar^llaceous 
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s&ndstone. These strata are affected by small faults and folds. At 
ooe place near Uus dome the beda dip 15° SE. and strike approxi- 
mately N. 30" E. A few feet west of the point where the last- 
mentioned dip waa measured, and on the east side of a very distinct 
faiUt, the beds dip about 10° S. and strike approximately east. A 
Uttle farther upstream soft ai^Uaceons thin-bedded sandstone 
overlies the hard sandstone mentioned above, dipping about 61° E. 
and striking north. About 500 feet farther east "flaglike" beds of 
the same formation are exposed. They dip approximately 80° NE. 
and strike N. 40° W. About 800 to 1,000 feet of the "flaglike" beds 
aie exposed in the eastern part of the rather extensive exposures in 
the -vicinity of the mouth of Mud Oeek. Near the east end of this 
outcrop grayish-blue to brown shaly sandstone, which dips 70° SW. 
and strikes N. 15° W., is exposed. The exposed rocks are much 
broken by joints cut by veins of quartz and poa^bly by some calcite, 
so that reliable dip and strike measurements could not be made. It 
is believed, however, that Has sandstone, 400 feet or more thick, is 
very similar to the beds exposed at location B, a mile or two above 
the mouth of the river. 

At location M, which is on the south side of the river, about three- 
fourths of a mile east of the old Evergreen post office and in the 
northern part of sec. 21, T. 24 N., R. 11 W., blue sandy clay with 
■ yellowish and bluish gravel of Pleistocene age outcrops for a short 
distance. These beds have been disturbed by slumping, so that they 
now dip about 27° SE. and strike N. 50° E. At a few places along 
the river beds of Pleistocene clay, sand, and gravel have been dis- 
turbed, by slumping, so that they now lie in positions much different 
from those in which they were originally deposited. An example of 
the disturbance created by one of these slides is well illustrated by a 
landsUde that began about 10 years ago at location N, on the south 
side of Queets River, just west of the mouth of Matheny Creek and 
about one-half mile east of location M. At the time tliis slide began 
to move the bed of the river seemed to rise and form a dam, so that 
for a few days the water was ponded and flowed over the broad 
bottom lands south of the Streater place. A flood that occurred a 
little later cut a channel through this obstruction in the river bed, 
so that the principal channel was left in almost the same position as 
it had been formerly. This phenomenon was believed by some of 
the settlers to be caused by the expansion of a large quantity of gas 
underlying the river. Others, however, beUeved it to be simply a 
landslide, in which the pressure from the side of the river caused the 
river bed to buckle, thus forming the dam. The latter explanation is 
imdouhtedly correct, as indications of an immense landshde extending 
for at least one-fourth of a mile south from the river are very notice- 
able. It is believed by the writer that additional deformation of the 
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Pleistocene beds will occur from time to time at this place. The 
buckling, as one would naturally expect, has left the beds of poorly 
consolidated clay and Band inclined at various ODgles, hence wherever 
marked dips are found it may be assumed that they are due to 
slumping. 

All the rocks exposed along Queets River, from location M, about 
1 mile west of the mouth of Mstheny Creek, to a point 2 miles up 
Sams Creek, consist entirely of clay, sand, and slightly consolidated 
conglomerate of Pleistocene age. Generally the beds are horizontal, 
but in places they are very much inclined through slumping, as 
explained above. It is reported that these beds are exposed some 
distance up Queets River above the mouth of Sams Creek, but as the 
writer did not traverse that part of the river a confirmation of the 
report was not made. 

Horizontal bluish sandy clay, overlain by conglomerate and soil, is 
exposed on the east side of Queets River, about one-half mile north 
of the mouth of Matheny Creek. At location O, in the SW. i sec. 10, 
T. 24 N., E. 11 W., on the north side of the river, the same formation 
as that outcropping at the mouth of Matheny Creek is exposed for a 
short distance. The bluish sandy clay, which everywhere weathers 
into a soft sticky mud, contains at this locahty irregular sandy con- 
cretions, some of which are in the shape of disks and others are very 
much elongated, but all of them are flat. At location F, also on the * 
north side of the river, and about a mile farther northeast, the same 
beds are exposed. They dip 39° W. and strike practically north. 
The finest day from this place, after being thoroughly mixed with a 
certain proportion of milk, has been used by some of the settlers as 
paint, which is reported to be very durable. 

At location Q, on the north side of the river, approximately in the 
SW. i sec. 1, T. 24 N., R. 11 W., and just above the Aker place, 
flat-lying bluish suidy clay of the Pleistocene formation is exposed 
for a short distance. At location R, about one-half mile farther 
upstream, similar bluish sandy clay is exposed,- dipping about 36° 
NW. and striking N. 60° E, The older rocks are not known to be 
exposed between location R and the BiUy Howard place, in the 
NW. i sec. 1, T. 24 N., R. lOJ W., but it is possible that they are 
present in high tree-covered ridges situated from one-third to three- 
fourths of a mile back from the river. As these ridges were not 
visited and no information was obtained r^arding them it is impos- 
sible to determine the point. 

SAMS CBEEE. 

At location A, at the mouth of Sams Creek, and for a short distance 
up Queets River on the south side, fiat-lying beds of bluish sandy 
clay were observed. Gas ia reported just above the mouth of Sams 
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Creek, but no evidence of its escape was seen by the writer when the 
locality was visited in September, 1913. All the rocks outcroppii^ 
along Sams Creek between location A and location C, in the SE. } 
sec. 34, T. 25 N., R. 10 W., consist of beds of clay, sand, and gravel 
of Pleistocene age and soil, gravel, and hUl wash derived principally 
from the erosion of these beds. 

At location B, approximately in the N. ^ sec. 5, T. 24 N., R. 10 W., 
the bluish sandy clay, so common along Queets River above Matheny 
Creek, is exposed for a short distance. This material contains flat 
sandy concretions similar to those noted at location P, on Queets 
Eiver, The beds dip about 40° NW, and strike N. 80° E, At loca- 
tion C, which is about a mile downstream from the west end of Sams 
Creek canyon, hard resistant grayish-brown quartzitic suidstone is 
exposed for about one-fourth of a mile along the south dde of the 
creek. It was not possible to obtain an accurate measurement of 
the dip and strike at thb place. At location D, on the north side of 
the creek and a little farther east than location C, Pleistocene bluish 
sandy clay that dips about 40" NW. and strikes N. 70° E. is exposed 
for a short distance. At location E, on the south side of the creek 
and about one-half mile east of location D, quartzitic sandstone simi- 
lar to that exposed at location C on this creek outcrops for a distance 
of 600 feet. These beds, which include some interbedded shaly sand- 
stone, dip about 85° NE, and strike N. 50° W. Approximately 600 , 
feet farther upstream the beds flatten so that they dip only 65° NE. 
and strike the same as at location E. At location F, on the south 
side of the creek, in the northeastern part of sec. 4, T, 24 N., R. 10 W., 
about one-half mile southeast of the mouth of the canyon, beds of 
sandstone and sandy shale, which are shckensided in places and some- 
what broken by small faults, are exposed. It is believed that the 
shale constitutes less than 5 per cent of the rocks exposed. The 
general dip seems to be 76° E, and the general strike north. At 
location G beds of sandstone and shale that dip 72° E. and strike 
N. 55° W. are exposed. At location H, which is about a mile from 
Queets River and the easternmost point reached on Sams Creek, a 
bed of shale that dips 69° SE, and strikes N, 50° E. b exposed for a 
short distance. 

Along Sams Creek pebbles of the metamorphic rocks and also the 
softer and hghter-colored "supposed Cretaceous" sandstones are 
numerous. 

MATHENT CHEEK. 

The strata exposed along Matheny Creek from its mouth to loca- 
tion A, a distance of about 3 miles, consist entirely of bluish sandy 
clay and yellowish-brown sandy gravel. The gravel seems to He 
uncouformably on the clay, which contains the sandy disks and irr^^- 
lar flat concretions noted at location P, a few miles up Queets River 
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above the mouth of this creek. The Mathenj Creek canjon begins at 
location A and extends for 2 miles or more to the east. The rocks 
exposed at the mouth of the canyon are principally sandstone with a 
httle sandy shale interbedded, but it is believed that the shale con- 
stitutee not more than 2 per cent of the entire thickness of rock 
exposed. At a point about one-third of a mile up the canyon the 
beds dip approximately 47° E. and strike N. 3° E. The rocks in 
general at this plaee are very much jointed and broken by small 
faults. About one-half jnlle above the mouth of Matheny Creek 
canyon the rocka are the same as those at location A, between which 
point and the lower end of the canyon fully 800 feet of strata are 
exposed. At another point in this part of the canyon, a few hun- 
dred feet farther upstream from the point at which the dip and strike 
readings ^ven above were taken, the strata dip 59° £. and strike 
approximately north. 

SALMON ElVEE. 

The rocks exposed along Salmon River from ite mouth to location 
A, a distance of about 2 miles, consist of sand, clay, and gravel of 
Becent age, and possibly here and there an outcrop of the under- 
lying Pleistocene beds, but above location A, as far as the writer 
examined the section, the rocks exposed belong to the "supposed 
Cretaceous" formation. At location A, on the south side of the 
river, the rocks consist of grayish-brown soft sandstone and sandy 
shale. These strata dip 27° SE. and strike N. 33° E. About 75 feet 
farther upstream on the same side of the river the rocks dip 48^ W. 
and strike N". 5°-10° E. On account of the discordance in dip and 
strike it is believed that a fault hes between the two points at which 
these dip and strike readings were measured. About 150 feet up- 
stream from location A the rocks dip 41° NW. and strike N. 65° E. 
At location B, about 450 feet upstream from location. A, the beds dip 
65° NE. and strike N. 55° W, At location C, approximately three- 
fourths of a mile up the canyon, the same rocks dip SO'' SE. and strike 
N. 25° E. The beds are very much contorted between locations B 
and C, dipping at many angles and striking in practically all direc- 
tions. This condition is due not only to small faults but also to num- 
erous small folds. At location D, about a mile up the canyon and 
near the reservation line, the beds dip 25° E. and strike practically 
north. At location E, about 1^ miles up the canyon, the strata dip 
20° NE. and strike N. 15° W. Location E was the southeasternmost 
point reached in the examination of the lower course of Salmon 
River. It is reported that the river flows through two main canyons. 
The westernmost canyon is said to extend probably not more than a 
mile east of location E, and the second canyon is reported to lie east 
of the trail which crosses fiie river near the Salmon ranger station in 
see. 5, T. 23 N., R. 11 W. ^ , GoOqIc " 
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To judge from the general eastward dip of the older strata along 
the Queets and Salmon rivers and Sams and Matheny creeks, it 
seen^ logical to assume without conclusive paleontolc^c evidence 
that the older rocks of the section lie farthest to the west and the 
younger fonnations to the east. The rocks exposed farther east 
along these streams are harder and more resistant than those that, 
outcrop near the coast, but this condition is probably due to the 
greater metamorphism of these supposedly younger strata lying near 
the mountains in the eastern part of the section traversed. 

The rocks exposed along Queets River from its mouth to the vicinity 
of location H, a mile or more above the mouth of Clearwater River, 
are tmdoubtedly the same beds as those that outcrop along Uie coast, 
which in this report have been classed as "supposed Cretaceous." 
The hard resistant sandstones outcropping on Queets River and along 
the lower course of Salmon River may belong to the "supposed 
Cretaceous" formation, but they are undoubtedly younger and lie 
stratigraphically above the rocks exposed near the moudi of Clear- 
water and Queets rivers. The beds outcropping in the canyons of 
Matheny and Sams creeks are probably still younger than the rocks 
farther west. 

The beds of bluish sandy clay and gray to yellowish, poorly con- 
solidated gravel outcropping at different places along Queets and 
Salmon rivers and Matheny and Sams creeks are, with but litUe 
question, of Pleistocene age. The terrace gravel, soil, hill wash, 
and talus at different places along these streams are entirely of 
Rece'nt age. 



The strata exposed along Clearwater River west of the Olympic 
National Forest probably all belong to the "supposed Cretaceous" 
formation and are better and more continuously exposed than the 
rocks of any other part of tho area examined. (See PI. II, p. 78.) 
Although these beds are well exposed, yet the unusual number of folds 
and small faults makes the inteipretation of the structure very diffi- 
cult. The Pleistocene beds of clay, sand, and conglomerate are 
exposed at only a few places. In fact Clearwater River runs from 
the western boundary of the Olympic National Forest to a point 
about one-fourth of a mile north of Clearwater post office, through a 
comparatively narrow canyon of the older rocks, whose walls attain 
a maximum height of 200 feet. 

At location A, about one-half mile above the mouth of Clearwater 
River, on the east side of the stream, there is an exposure of yellowish- 
brown sandstone and yellowish gravel very poorly consolidated. 
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These beds lie practically flat and unquestionably can be correlated 
with the beds of Pleistocene age in other parts of the field. Soft, 
yellowish-brown sandstone is exposed at location B in the northern 
part of sec. 30, T. 24 N., R. 12 W., on the west side of the river. The 
beds hOTO are medium bedded, dip 37° NE., and strike N 30° W. At 
location C, about one-fourth of a mile farthernorth, the "flaglike" 
beds, consisting of thin-bedded sandstone alternating with sandy 
ahale, outcrop on the west side of the river. They dip 73° NW. and 
strike N. iO^ E. The total thickness of the beds exposed here ia 
approximately 800 feet. At the north end of this exposure the strata 
dip 71° NW. and strike N. SS^-IO" E. The "flaglike" beds of alter- 
nating sandstone and sandy shale are exposed at location D, just 
below the mouth of Hurst (>eek, and also for 300 or 400 feet up that 
stream, where the strata dip 74° E. and strike N. 5°-I0° E. At locfr- 
tion E, on the west side of Clearwater River, about one-half mile 
upstream from the mouth of Hurst Creek, beds of hard dark-gray 
resistant sandstone about 500 feet thick are exposed. Hie upper 
part (stratigraphically) of this exposure is not distinctly bedded, so that 
dip and strike readings are not reliable. ' The lower portion of the 
beds dips 68° W. and strikes N. S'^-IO" E. At location F, on the 
east side of the river, about 100 feet of "supposed Cretaceous" sand- 
stone dips 49° NW. and strikes N. 55° E. At location G, at the 
west end of the big bend in the river in the SE. 1 sec. 12, T. 24 N., 
R. 13 W., the "flaglike" beds, which dip 60° E. and strike N. 5° W., 
are also exposed. The strata exposed at location H, on the east 
side of Clearwater River, about three-fourths of a mile east of location 
G, conswt of about 250 feet of the "fl^iike" beds, which are overlain 
unconfonnably by fairly well consolidated Pleistocene conglomerate 
at least 100 feet thick. The "flaglike" beds are inclined 30° NE. and 
strike N. 45° W- The striking differences noted here in angle of 
dip and in direction of strike are due to abrupt flexures and in places 
possibly to small faults. At one locality a short distance upstream 
from location H the beds dip 29° NW. and strike 18° E. The same 
beds 160 feet farther upstream dip 39° SE. and strike N. 30° E. and 
at location I, 200 feet farther upstream, the dip is 36° SE. and the 
strike is N. 65° E. The "flaglike" beds at this place consist of about 
60 per cent of sandstone and 40 per cent of shale in beds 2 or 3 inches 
in greatest thickness. About 300 feet farther upstream from location 
I the same beds stand vertical and strike N. 55° E. 

At location J, on the east side of Clearwater River and about one- 
third of a mile north of location I, beds of sandy shale dip about 
66° NE. and strike N. 25° W. At location K, at the west end of a 
prominent bend, approximately in the SE. i sec. 1, T. 24 N., R, 13 W., 
the sandstone and shale beds of the same formation as that described 
above, as far as can be ascertained, dip 55° NE. and strike N. 60° W, 



on. AND 0A8 IN THE OLYMPIC PENINSULA, WASH. 65 

The atrata are much disturbed by folds and Bmall faults, as the 
following dip and strike readings show. At a point 25 feet down- 
Btream from location K the beds dip 60° SW. and strike N. 20° W. 
The fault line separating the points where these two loat-mentioned 
dip and strike readings were taken is very distinct. About 1,000 
feet farther downstream the "flaglike" "supposed Cretaceous" beds 
stand vertical and strike N. 20° W. A few hundred feet farther 
downstream and on the opposite side of the river beds of massive, 
much broken sandy shale are exposed, but it was not possible to 
measure dip and strike readings on these beds. At location L, about 
I mile upstream from location K, the "flaglike" beds dip 87° S. and 
strike N. 86° W. A short distance downstream from this place the 
same beds dip 58° SE. and strike N. 30° E. At location M, on the 
south side of the river, in the northeastern part of sec. 6, T. 24 N., 
R. 12 W., and 600 or 800 feet northeast of location L, the "flaglike" 
beds dip 67° SE, and strike N. 70° E. At location N, on the east 
side of the river and about one-half mile farther north, beds of gray 
sandstone, which alternate with thin beds of shale, are exposed for a 
short distance. The dip is 67° E. and the strike N. 10° W. 

Exposures are fairly good on the east side of the river from location 
N southward for one-fourth to one-half mile. Several hundred feet 
of strata are well exposed in the vicinity of location O, in the northern 
part of sec. 32, T. 25 N., E. 12 W. At the western end of this expo- 
sure the beds, which dip 56° NW. and strike N. 30° E,, consist of 
dark-bluish sandy shale and several hundred feet of "flaglike" beds 
of alternating sandstone and shale. Many of the joints of these 
strata are flUed with iron-stained calcite. A short distance east of 
location O beds of gray sandstone, overlain by a few hundred feet 
of dark-bluish sandy shale, dip 65° W. and strike north. The beds 
' upstream from location O have a brownish tinge, whereas those 
downstream are bluish black. From the mouth of Elkhom Creek, 
which joins Clearwater River in the NE. { sec. 32, to location O the 
rivOT flows through a narrow canyon in the walls of which the "flag- 
like" bods, together with some dark shale, are weU exposed. On 
the south side of the river in this canyon the beds id places stand 
almost vertical. At location P, just above the mouth of Elkhom 
Creek, strata of similar character that dip 42° NE. and strike N. 20° 
W, are well exposed for a short distance. A little farther upstream, 
at location Q, approximatdy in the SE. J sec. 29, T. 25 N., K. 12 W., 
SMidstone beds tip 51° SE. and strike N. 20° E. At location R, on 
the west side of Clearwater River, about one-half mile northeast of 
location O, beds of saady shale that dip 40° SE. and strike N. 25° E. 
are exposed for 300 or 400 yards. A few hundred feet southwest of 
location R the strata dip 45° NE. and strike N. 30° W. This dip and 
strike reading is not so reliable as the readings taken at locations Q 
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and B. At the mouth of Shale Creek (location S) about 6 feet of 
sandstone containing calcite in the joints, overlain hy bluish-black 
shale containing hard calcareous nodulea, is exposed. The beds at 
this place dip 63° SE. and strike N. 55° E. About 500 or 600 foot 
north of the mouth of Shale Creek gray hard fine-grained shaly 
sandstone is ezpraed on the east side of Clearwater Biver. The 
strata both overlying and underlying this sandstone are poorly ex- 
posed, but seemingly consist of dark-bluish sandy t>hale interbedded 
with shaly sandstone. They dip 63° NE. and strike N. 45" W. 

An unusually long and steep rapid, known locally as the "Skukem- 
chuck," is situated a few hundred feet upstream from the mouth of 
Shale Creek. At location T, on the west side of the river, one-third 
of a mile upstream from location S, about 300 feet of yellowish- 
gray sandstone and bluish-yellow sandy shale are exposed. In both 
directions from location T, for at least one-fourth of a mile, dark- 
bluish sandy shale is exposed in the river banks. These beds are 
cut by joints and fracture planes which in many places are filled 
with calcite. The rocks are so much broken by small faults that 
within a disttmce of 200 feet beds may be found flat^lying, almost 
vertical, and dipping 45", all strikii^ in different directions. At 
location U, on the east side of Clearwater River and just below the 
mouth of Miller Creek, there is an outcrop of dark-brown to black 
clay shale, in which the surfaces of joints and fractures show sUcken- 
sides. At the mouth of Miller Creek on the north side of the river 
there is a fairly good outcrop of yellowish-gray sandstone. These 
beds are so deformed that reliable readings of dip and strike could 
not be made. At location V, on the south side of the river and 
about one-half mile farther upstream, the "fl^like" beds consist 
of soft, dark thin-bedded sandy shale and sandstone, which dip 72° 
SE. and strike N. 60° E, At the upper end of the outcrop near the 
bend of the river the beds seem to be overturned. The dip is 89° 
NW. and the strike N. 65° E. Approximately 300 feet of shale 
and shaly sandstone outcrop at this easternmost exposure. 

On the west side of Clearwater Kiver, beginning a short distance 
north of Giberson'a house, situated in the NE, i sec. 27, T. 25 N., 
R. 12 W., sandstone and sandy shale are exposed almost continu- 
ously upstream to the mouth of Christmas Creek. At location W, 
which is on the west side of the river and about 100 yards below the 
mouth of Christmas Creek, beds of bluish sandy clay, which dip 33° 
N. and strike N. 80° W., are exposed. Many small faults and folds 
were observed here. At location X, about one-half mile south, 
slightly east of location W, beds of dark sandy shale are exposed on 
the south side of the river. These beds dip 59° E. and strike N. 
10° E. About 100 feet upstream from location X the rocks are cut 
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by a small fault and about 300 feet farther up tlie river the same beds 
dip 48*' E. and strike N. lO'-lS" E. Between the fault and the point 
where the last dip and strike readings were measured, the strata 
are much contorted and strike more nearly east. At location Y, 
on the south side of Clearwater River, approximately in the NE. } 
NW. i see. 26, T. 25 N., K. 12 W., beds of sandstone and aandy 
shale that dip 15''-20° E. and strike N. lO^-lS" E, are fairly well 
exposed for a short distance. Some of these beds are "flaglike" 
in appearance and are similar to those mentioned as occurring at 
other places along this river. About 600 feet farther up the river 
"flaghke" beds that dip 24" SE. and strike N. 25° E. are well exposed 
and arc overlain unconformably by poorly consolidated conglom- 
erate of Pleistocene age. At location Z, situated near a bend in 
Clearwater River, about IJ miles directly west of the Olympic National 
Forest boundary, beds of bluish sandy clay and slightly consolidated 
conglomerate of Pleistocene ^e are exposed, but the bedding is so 
indistinct that dip and strike readings could not be obtained. At 
location AA, on the south side of Clearwater River, in the NE. J 
sec. 26, T. 25 N., R. 12 W., beds of dark-bluish sandy shale, alter- 
nating with yellowish-gray medium to thin bedded sandstone, are 
exposed. The dip at this place is 67" S. and the strike is approxi- 
mately east. At location BB, in the northern part of sec. 25, T. 25 
K., K. 12 W., similar beds of sandstone and sandy shale, containing 
probably a httle more shale than the beds at location AA, dip 85° 
SE. and strike N. 40° E, At location CC, on the north side of the 
river a short distance west of the forest reserve line, the same beds, 
dipping 63° NW. and striking N. 45° E., are also exposed. The 
"flaglike" beds are exposed fairly well at location DD, on the north 
side of the river, presumably just west of the boundary of the Olympic 
National Forest. Dip readings on these beds range from 40 °NW. to 
vertical and the strike is N. 65° E. At location EE, at the bend of 
the river a short distance above the mouth of Deception Creek, 
which is the easternmost point visited by the writer during the trav- 
erse of this river, beds of sandstone with -a httle intercalated shale 
are exposed on the south and east sides of the river. The beds 
stand almost vertical and strike N. 65° E. 

Practically all the rocks exposed along Clearwater River, with the 
exception of those outcropping at locations A and Z, are believed to 
belong to the "supposed Cretaceous" formation. 

The beds of bluish sandy clay and poorly consolidated sand and 
conglomerate exposed at locations A and Z and overlying the "sup- 
posed Cretaceous" at locations H and Y are of Pleistocene age. The 
rocks on the uplands are concealed by a thick mantle of soil, hill wash, 
and talus. 
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BOOKS BZP08BD ALOHQ HOH lUVBB. 

Before the description of the rocks noted along Hoh River is given 
it seems proper to state that the writer did not visit all the exposures 
along this stream but only the more prominent ones that could be 
easily examined when travding along the principal trail on the north 
side of the river vaDey. The stratigraphy and structure along this 
stream can best be studied from a canoe, but it was impossible, on 
accomit of the short time spent in this portion of the field, to make 
a careful study of the beds exposed in the river banks. 

At location A, on the north side of Hoh River, about one-haJf 
mile from'the ocean, beds of gray sandstone and sandy shale about 
75 feet thick are exposed. These beds are much broken by joints 
and fractures and on account of the presence of many small faults 
dip at different angles and strike in different directions. They dip 
approximately 31° SW. and strike N. 55° W. At location B, on the 
south side of the river, in the SE. J sec. 21, T. 26 N., R. 13 W., there 
is an e:q)Ostire 100 to 200 feet in length of yellowish-gray thin-bedded, 
somewhat micaceous sandstone, which dips 76° NW. and strikes 
about N. 25° E. At location C, on the south side of the river, about 
one-third of a mile southeast of location B, almost flat-lying beds of 
bluish sandy clay of Pleistocene age are exposed. At location D, 
just east of W. D. Hough's house on the south side of the river, a 
grayish-blue sandstone, which weathers yellow and which is soft 
when wet, dips 45° SW. and strikes N. 15° W. Another reading 
taken near by shows that the same bed dips 46° SW. and strikes 
N. 33° W. About 200 yards downstream from this locality, near an 
old log jam, bubbles continually rise to the surface of the water. 
It is possible that these bubbles are formed by escaping natural gas, 
but more probably they axe due to air that has been carried into the 
water or to marsh gas. Some of the gas was collected, but an attempt 
to ignite it was unsuccessful. At location E, on the north side of 
the trail, about 2 miles east of Hoh post office, approximately in the 
SE. J sec. 15, T. 26 N., R. 13 W., 150 feet or more of poorly consoli- 
dated conglomerate is exposed. This coi^lomerate probably corre- 
sponds in age to the beds of similar clay and conglomerate of Pleisto- 
cene age noted in other parts of the area. 

The rocks exposed in the shaft of the Lacy oil seep, situated about 
2i miles northeast of Hoh post office, are reported to consist of soil, 
sandy clay, sand, gravel, and bowlders of Pleistocene and Recent ages. 
The larger pebbles and bowlders are a foot or more in diameter and 
increase in size with the depth of the shaft. Most of them are sub- 
angular or flat sided, su^esting glacial scouring. W. H. Abbott, who 
assisted in opening the shaft, stated that it was his opinion that when 
the water is removed from the shaft the maximum flow of oil is about 
2 barrels a day. At the time this place was visited by the writer, in 
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The aame dbtancc farther downstream medium-bedded gray sand- 
stone, dipping 63° NE. and striking N. 57" W., is exposed. Two 
btmdred feet farther down the river sandstone similar in appearance 
to that last described dips 62° NE. and strikes N. 56° W. The last 
two dip and strike readings are very much alike and indicate that 
probably both were measured on the same fault block. At location 
J, on the north aide of the river, near the mouth of a small creek near 
the center of sec. 26, T. 27 N., R. 12 W., gas is reported by the owner 
to be escaping from the edge of a circular spring of water. The water 
in this spring is said to have a milky-wkite color, like that at the 
Devils Mush Pot, a few miles farther up Hoh River, which is due to 
the action of gas in loosening and carrying up very fine sediment from 
the bottom of the inverted funnel-shaped hole. 

At location K, about 1} miles farther upstream, on the south side 
of the river, near T. H. R. Schmidt's place, beds of massive sandstone 
and brownish chocolate-colored sandy shale, dipping 31° E. and 
striking N. 39° W., are exposed just below the mouth of a smaU 
stream that joins Hoh River from the south. This exposure, which 
consists of about 5 per cent shale and the rem^der sandstone and 
sandy shale, is the only one along the river for a mile or more both 
up and down stream. Very small lenses of coal, which attain a 
maximum thickness of 2 inches and a maximum length of 6 inches, 
are included in a sandstone stratum about 4 feet in thickness. The 
coal, which has a bright luster, bums with a bituminous odor and 
yellow flame. A small, almost vertical fault, trending N. 65° E., 
cuts these rocks. The section measxired at this place is as follows: 

Seetumo/rodaexpotedatloeatmnK', near the cinaer of etc. US, T.tlN., R. it W. 

Feet. 

Sandstone, gray, manive, coarse 40+ 

Sandstone, brownish gray; contains a little coal 4 

Sandstone, bluish, gray and rusty in places, alliaceous 15 

Sandstone, gray, massive, with thin beds of ahaly sandetone 

which contains a little coal in small lenses at base ' 45 

Sandstone, grayish brown, thin bedded at base; contains thin 

lenses of conglomerate 75 

Sandstone, gray, thin bedded, with a little sandy shale 40 

Sandstone, gray, maasive; containsthinlensesof coal atthe top.. 50 

269+ 
Rocks that may be exposed along Hoh River, between location K, 
near Schmidt's place, and location L, about 1^ miles southwest from 
Spruce post office, on the south side of the river, were not examined, 
because on traversing the valley the trail which Ues on the north 
side of the river and some distance from it was followed. TTie rocks 
over which the trail passes consist principally of clay, sand, and gravel. 
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partly consolidated and partly loose, of Pleistocene and Kecent ages. 
. Along the trail from Schmidt's place to Spruce post office none of 
the older formations are exposed. 

At location L, referred to above, a hard dark fine-grained medimn-<. 
bedded sandstone, containing here and there near the top thin lenses . 
of limestone, is exposed. Above the limestone the rocks consist of 
dark chocolate-brown iron-stained argillaceous sandstone, which has 
apparently been subjected to crushing forces, as it is now quite brit- 
tle and crumbles easily. The beds dip approximately 60° SE. and 
strike N. 40° E. At location M, about one-half mile farther east, in 
the vicinity of the mouth of Owl Creek, very hard dark fine-grained 
medium-bedded sandstone, with some dark hard fine-grained sandy 
shale in the western part of the outcrop, is exposed. It is rather 
difficult to obtain a reliable dip and strike reading at this place on 
account of the massiveness of the strata. However, the prevailing 
dip is about 75° NE. and the strike is N. 40° W. The Devils Mush 
Pot, described in detail on pages 29-30, and referred to in other parts 
of this paper, is situated at location N, about one-fourth of a mile 
farther northeast. It may be added here that the rocks surrounding 
the gas vent consist of gravel, sand, and clay of Recent age. As the 
"mush pot" is situated near the outcrop of the older rocks, at loca- 
tion M, and as this same formation outcrops to the east of this 
locality, it is reasonable to assume that the gas which escapes from 
this vent originates probably deep in the older rocks instead of those 
at the surface. In traversing the upper part of Hob River above 
Spruce post office a recently completed trail, which lies on the north 
side of the river and in most places one-fourth to three-fourths of a 
mile from it, was followed, and hence no exposures were seen by the 
writer in this stream valley farther north than those just described 
in. the vicinity of Spruce post office. It is reported that gas ia escaping 
In small quantities at location O, which is a few hundred feet north 
of Hoh River and on the eastern edge of the area represented on 
Plate II (p. 78) . This point, which is about 5 miles east of Spruce 
in the NE. ^ NE. J sec. 22, T. 27 N., R. 11 W., was visited by the 
writer, but no evidences of gas were noted. 

It is believed, as has been stated in the beginning of the description 
of the rocks exposed along Hob River, that many outcrops of rock 
in addition to ^ose noted above can be seen along this stream, and 
that whenever more detailed work is to be done in this region it will 
be necessary for the geologist to traverse the river by means of a canoe 
and examine carefully every exposure, however small, as was done 
by the writer along the lower courses of Moclips, Queniult, Queets, 
and Clearwater rivers. 

The strata exposed along the lower course of Hob River between 
locations A and H are, with but little question, representative of the 
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"supposed Cretaceous" rocks, whereas Oiosa beds exposed in the 
prominent canyon of the Hoh River in sees. 27 and 28, T. 27 N., R. 12 
"W,, and from this locality east to location M, near Spruce, probably 
belong to the Clallam formation, of Oligoceue and Miocene age, de- 
scribed by Arnold.* It is possible that those beds exposed at loca^ 
tions F, G, and H in the vicinity of Elliott's place (formerly Pins post 
office) may belong to the same formation. As stated previously, 
it was Arnold's opinion that the rocks exposed in the hills south of 
Bogachiel River belong to the Clallam formation. The hills referred 
to constitute the divide separating the drainage of the Bc^acbiel 
from that of Hoh River, and at no place east of range 13 are they 
more than 4 nules from the Hoh. 

Beds of Pleistocene age overlie the older formations unconformably 
and at one place along Hoh River (location C) bluish sandy clay, pre- 
sumably of the same age, outcrops along the river bank. At no place 
along Hoh River did the writer note any evidence of "smell mud" 
and at but one locality (the Devils Mush Pot) is there any evidence 
of natural gas, except that reported at location J, on BiUy Sneli's 
land. 

KOCES EXPOSED AJjONQ BOGACHIEI. RIVEIl. 

The rocks along Bogachiel River were examined at only five local- 
ities. The river was not traversed and the points visited are places 
where rock outcrop or indications of oil or gas were reported. 

At location A, on the south aide of the river, in the NW. J NW. J 
sec. 27, T. 28 N., R. 14 W., about a mile southwest of the Wilson 
place, which ia described in detail on page 30, "smell mud" is very 
plentiful in a comparatively recent landslide 75 to 100 feet above 
the river level. At a point about one-fourth of a mile upstream 
from location A 6 feet of gray sandstone, which contains some car- 
bonaceous material underlain by sandy shale, is exposed. These 
beds dip 37° SE., strike N. 34° E., and constitute the only known 
exposure of the "supposed Cretaceous" rocks for a mile or more 
both up and down stream. At location B, on the opposite side of 
the river, nearly fiat-lying beds of poorly consohdated sand, clay, 
and gravel, which are believed to be of Pleistocene age, are exposed 
for several hundred feet. At location C, near the center of sec. 35, 
T, 28 N., R. 13 W., just north of the place where the trail from Forks 
to Bogachiel crosses Bear Creek, a very poor exposure of yellowish- 
gray argillaceous sandstone overlain by yellow clay shows that the 
strata dip about 36° SE. and strike N. 30° E, Beds of sandstone 
are exposed at location D, at the point where the trail referred to 
above crosses Coon Creek, in the NW. J sec. 26, T. 28 N., R. 13 W. 

1 Anudd, Ralpb. GeolDglcal lecoimalssance of tba crest ol tha Olymplo Penlnaiila, Waab.: GmI. Soo. 
Amoiloa BuU., vol. 17, pp. 181-482, lOOa. 
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At tbis locality beds of dark, resistant aandstone are exposed, but 
it was difficult to measure the dip and strike on account of the mas- 
sive character of the rock. Apparently the rocks hfCve a southeastr- 
ward dip and seem to strike in the same general direction as the beds 
at location C, described above. Another exposure of rock was exam- 
ined about one-half mile west of Moi^aa ranger station, at location E, 
inthaNW. ieec. 5,T. 27N.,R. 12 W. The rocks here consist princi- 
pally of gray sandstone overlain by blue shale which have a general 
dip of about 39° E. and strike N. 5° W. Joints and fractures which 
have been filled with quartz or calcite are numerous in the sandstone. 

The rocks exposed at location A, 2 or 3 miles abtfve the mouth of 
Bogachiel River, probably belong to the "supposed Cretaceous" 
formation so well exposed along the coast south of Hoh Head. 

The strata exposed at locations C, D, and E, in the vicinity of the 
Bt^^hiel post office, probably are of Oligocene and Miocene age and 
belong to the Clallam formation, aa suggested by Arnold. 

Beds of Pleistocene clay, sand, and gravel unconformably overlie 
the older rocks tJvoughout the greater part of this region. They 
outcrop extensively along Bogachiel River at location B, -near Wil- 
son's place, 6 or 7 miles southwest of Forks. 

HOCKS BXPOBBD ALONG CAI.AWA BIVBS. 

The rocks on Calawa River were examined only at location A, on 
the south side of the river, in the southern part of sec. 35, T. 29 N., 
R. 13 W., about 3 miles northeast of Forks. At this place 300 to 
400 feet of gray and brown sandstone, much broken by faults, is ex- 
posed. The rocks are principally massive, and on account of fault- 
ing the joints and bedding planes are so nearly alike that it was diffi- 
cult to distinguish one from the other and to measure the true dip 
and strike. The prevailing dip seems to be 62° NE. and the strike 
N. 45" W. These rocks probably belong to the same formation as do 
those in the vicinity of Bogachiel to the south, namely, the Clallam 
formation, of Oligocene and Miocene age. 

The Washii^ton Oil Co. is drilling a weQ on the Anderson farm in 
the SW. i SE. i sec. 9, T. 28 N., R. 13 W., about a mile south of 
Forks. In the latter part of March, 1914, the drill had penetrated 
to a depth of more than 1,600 feet. A general section is given below: 
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STRUCTURE. 
OENXBAL FEATTTKBS. 

TheBtructiire of the area represented on Plate II (p. 78) ia character- 
ized hj a prominent anticline or pos^bly a monocline, the axis of 
which is »tuated some distance out in the ocean, extending in a gen- 
eral Dorth-«outh direction in places, turning slightly to the northwest. 
The east flank of this anticline, which underUes the area under con- 
fflderation, is crossed almost at right angles to its strike by several 
smaller anticlines and syncUnes. The general structure is indicated 
on the accompanying map (PI. II) by dip and strike symbols, which 
almost invariably show that the rocks dip in general toward the east 
and strike in a north or northwest direction. The minor anticlines 
and domelike structures are also shown by dip symbols. 

One of the most prominent of these minor anticlines crosses Queets ' 
River about 2J miles from the coast, extending northeast and south- 
west through the eastern part of sec. 35 and the northwestern part 
of sec. 36, T. 24 N., K. 13 W. The dips of the rocks on Clearwater 
Biver, a mile or more north of the present site of Oearwater post 
office, indicate that the same anticline that crosses Queets River near 
its mouth extends to that locahty, but there it seems to be somewhat 
narrower than it is near the mouth of Queets River. A study of the 
dips and strikes farther up Clearwater River does not indicate that 
it continues for a great distance north of sec. 18, T. 24 N., R. 12 W. 
The writer is unaware of any gas or oil vents along this anticline. 

There is evidence of another prominent, although narrow, anticline 
extending in the same general direction on the coast at the mouth of 
Cedar Creek, about 3J miles southeast of the mouth of Hoh River. 
This anticline seems to cross Hoh River a short distance east of Hoh 
post office. It is interesting to note that the Lacy seep, situated in 
the NW. i sec. 11, T. 26 N., R. 13 W., is nearly on the projected axis 
of this anticline. "Smell mud" is plentiful on the coast near the 
mouth of Cedar Creek. 

Another prominent anticline in "supposed Cretaceous" rocks cuts 
the coast just south of Hob Head and like the two anticlines just 
discussed extends in a northeast direction. No evidence is at hand 
regarding its extent inland. The Jefferson Oil Co.'a seep and well 
are situated near the crest of this anticline. Oil-saturated rock is 
not known to exist along the coast on the upfold, but a little farther 
south, near location Z, it is plentiful. 

As was pointed out by Arnold, the Queniult formation, which out- 
crops on both sides of the mouth of Queniult River along the coast 
for 2 miles, occupies a broad syncline. This syncline, to judge from 
dips and strikes along the coast and about 2 miles above the mouth 
of Queniult River, also trends in a northeast-southwest direction. 
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The structure of the beds of Pleistocene age ia very simple. In 
most places they lie practically homoDtal. At those localities in 
which these strata are somewhat inclined their disturbance ia imdoubt- 
edly of recent date and is due probably to landslides and slumps, 
which in some places have produced buckling. 

Evidences of other small anticlines are pointed out below in the 
description of the structure by districts. The description of the 
Pleistocene beds will be omitted in these detailed descriptions, as 
ih&T structure has nothing to do with the accumulation of oil and gas. 

COAST DZBTBJCr. 

Between locations A and B there are no exposures of the older 
rocks except in the vicinity of location A, near Copalis Bock, where, 
as has been stated above, reliable dip and strike readings could not be 
obtained. Between locations D and E, in the vicinity of Point 
Grenville, much faulting has taken place in what is beheved to be 
the old metamorphic rocks. Dip and strike readings and measure- 
ments of the inclination and direction of fault planes differ so widely 
that the more prominent features of the structure in this locality can 
not be shown on a map of the scale of Plate II. The principal fact of 
interest is, however, that between locations D and E lies an upfaulted 
block of metamorphic rocks, which is very much faulted and folded 
within itself. 

The Queoiult formation exposed between locations K and II, in 
f^e vicinity of the mouth of Queniult River, is in general a broad 
syncline, the axis of which extends in a northeast direction and which 
cuts the coast a short distance south of the mouth of Queniult Kiver. 
It is doubtful if this formation has any important relation to oil or 
gas that may imderhe these strata in the "supposed Cretaceous" 
beds. Between locations H and I, along the coast, there is evidence 
again of a comparatively narrow upfaulted block of "supposed 
Cretaceous" rocks. Northward from location I to the mouth of Raft 
River the "supposed Cretaceous" rocks strike in general north 
slightly east and dip east in almost every locality. At the mouth 
of Raft River a fairly rehable measurement shows that the beds dip 
about 6Z° NW. and strike N. 25° E. for a short distance. This narrow 
anticline is associated with "smell mud" along the coast, as is shown 
on Platen (p. 78). 

Flat-lying beds of Pleistocene age occupy the coast from location 
O to location Q with the exception of a very small area at the mouth 
of Kalaloch Creek. Northward from location Q to a point a short 
distance south of the mouth of Cedar Creek the general strike of the 
strata ranges from north to N. 18° E., the dip being generally eastward. 
A small anticline, described above, breaks the monotony of the gen- 
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eral eastward dip for about one-half mile north of the mouth of Cedar 
Creek, north oi which point the older strata are entirely covered for 
some distance by flat-lying Pleistocene beds. In the vicinity of the 
mouth of Hoh River and to the northwest as far as location EE, 
about 1 mile north of Hoh Head, the strata are much disturbed by 
northeast-southwest anticlines and some still smaller folda and faults. 
Near the mouth of Hoh River there is evidence of an elongated dome 
extending in general east and west. Faulting has disturbed this 
structure at location A, on Hoh River. A mile or more northwest of 
location Z, on the coast, the prominent northeastr-southwest anticline 
on which the Jefferson Oil Co.'s seep and well are situated dominates 
the structure. North of Hoh Head there are also indications of a 
minor anticline extending in a northwest direction, as suggested by 
a dip of 45° SW. and a strike of N. 66° W. at location DD, whereas 
there is a dip of 60° E. and a strike of N. 10° W. at location EE. 

HmCFTinjPS BIVZB BASIN. 

The general dip of the strata along Humptulips River and the east 
fork of the same river between the village of Humptuhps and loca- 
tion I, about 4 miles southeast of East Fork dam, is to the east. 
Beds exposed at location J, a short distance west of the contact be- 
tween the sedimentary and igneous rocks, have a steep dip to the 
west. The dip and strike symbols on Plate II show the details of 
structure along Humptulips River better than any written descrip- 
tion. The structure of the almost flat^lying beds of Pleistocene age 
on Camp No. 2 and Stevens creeks needs no further explanation than 
that shown on the map (PI. II, p. 78) in addition to what has already 
been stated under the heading "General features" (p. 74). 

KOOLIPS BIVER. 

The beds exposed along the lower course of MocUps River outcrop 
in an anticline which trends in a northwest^southeast direction. The 
extent of this anticline in either direction is not known on account of 
the thick cover of Pleistocene beda, and for that reason the position 
and direction of the axis are shown only near the stream. 

QXTBNrUXT BIVES BASIN. 

The description of the structure of the rocks exposed along Queniult 
River and Queniult Lake will necessarily be brief because the beds 
exposed in tliis part of the field are principally of Pleistocene age 
and in general are flat-lying. The rocks in the vicinity of Higley's 
hotel, in sec. 8, T. 23 N., R. 9 W., at Onion Rock, and the two expo- 
sures farther west presumably belong to the "old metamorphic 
series," as do also the rocks exposed at Burnt Hill in sees. 1 and 12, 
T. 22 N., R. 11 W. As stated before in this report, it is beUeved 
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that the rocka exposed at Burnt Hill are greenBtone, whereas those 
in the vicinity of Higley's hotel on the north side of the lake, which 
in places seem to stand almost vertical, are believed to be in part 
sedimentary. 

The strata outcropping at locations A, B, and D,.near the mouth 
of Queniult River, and at location I, about 10 miles from the coast, 
dip in general to the east. They are broken in places, as has been 
stated before in the detailed description of location D, on page 30. 
Without doubt the beds at locations A, B, and D belong to the 
Queniutt formation and possibly those outcropping at location I also. 
There is a probabihty, however, that the rocks at location I may be 
"supposed Cretaceous," in which case a fault or fold must exist to 
the southwest and west of this exposure. Xf it is an upfold the axis 
of the anticline or monocline, on the north flank of which this out- 
crop is situated, must necessarily lie to the soutii of this locality, 
but no information is at hand regarding its exact position. 

QTTEETS ZHVEB BASIN. 

The outcrops of rock on which dip and Strike readings were 
measured along Queets and Clearwater rivers and the lower courses 
of Salmon River and Matheny and Sams creeks are much more 
numerous than are the exposures in any of the other regions examined. 
The prevailing dip of the rocks, as a glance at the dip and strike 
symbols on Plate IX indicates, is in general to the east. However, 
at localities where faulting and folding have disturbed tlie strata, 
the strike of the beds as well as the direction of dip differs consider- 
ably. As stated on page 74, the principal anticline in this basin 
seems to cross Queets River about 2} mitos above its mouth. The 
evidence of an anticline on Clearwater River in the vicinity of loca- 
tions D and E is fairly conclusive, but it is questionable if the anti- 
cline noted near the moutli of Queets River and tlie one on Clearwater 
River in the vicinity of locations D and E are the same, and it would 
be unwise to definitely correlate them. A correlation, however, is 
suggested on account of the relative positions of tliese two sections 
of anticlines, as the strike of the rocks near the mouth of Queets 
River at locations A, B, and C shows tliat it would cross Clearwater 
River, if continued in the same direction, at approximately the posi- 
tion where the anticline on Clearwater River exists. More detailed 
work along Elk Creek and tributaries of Elk Oriick in sees. 24 and 
25, T. 24 N., R. 13 W., would imdoubtedly furnish conclusive evidence 
regarding this point if these streams have eroded tlirough the Pleis- 
tocene cover. Between location L on Queets River and location D 
on Sams Creek, a distance of about 14 miles as the river runs, no 
outcrops of tlie "supposed Cretaceous" or Tertiary formations are 
exposed. This distance is sufficient for several smaJl narrow anti- 
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clines, but no evidence is at hand, even ta£ng into consideration 
the beds exposed in the canyon of Matheny Creek, that there are any 
such favorable etnictures for the accumulation of oil or gas. As 
noted on page 63, the prevailing dip of the rocks in Matheny Creek 
canyon is to the east, which corresponds exactly with the prevailing 
eastward dip of the rocks along all the principal streams in the area 
represented by Plate II. 

XAp and strike measurements taken in Salmon Kiver canyon 
between locations A and. E suggest the existence of an elongated 
dome or anticline, which are favorable structures for the accumula- 
tion of oil and gas. As the strata here are broken by minor faults, 
and as the same beds on Queets River about a mile to the north have 
persistent eastward dips, it is very questionable if the structure 
here is really favorable. 

Although the dip and stnke of the rocks along Clearwater River 
indicate that the structure is very complex, yet the more reliable 
measurements show that the rocks have a general eastward dip and 
that prominent anticlines are absent. Wherever westward dips 
occur they are usually due to the presence of faults and folds which 
undoubtedly do not extend to a great depth below the surface and 
hence would have but httle effect in constituting reservoirs for the 
accumulation of oil and gas. 

EOH BIVBR BASIN. 

Dip and strike readings measured at the mouth of Hoh River, 
although very meager, suggest that a narrow anticHne or possibly a 
small dome is situated here. This structure apparently does not 
extend far inland or far north or south from the mouth of Hob River. 
About one-half mile southeast of Hoh post office "supposed Creta- 
ceous" beds strike approximately N. 25" E. and dip about 75° NW. 
At the mouth of Cedar Creek there is evidence of a comparatively 
narrow anticline which has the same general trend. The axis of 
this anticline projected inland from the coast would cross the river 
near the point where the strata were measured in sec. 21, T. 26 N,, 
K. 13 W., and if projected still farther north would lie near the 
Lacy seep. The position of the axis of the anticline north of Hoh 
River as above indicated is only approximate, but it seems that this 
assumption is fairly reasonable. Just east of EUiott's ranch the 
dip and strike readings indicate the existence of a small anticline 
which trends in a general northwest-southeast direction. The 
rocks are faulted sightly and the apparent anticline may not con- 
stitute a favorable structure. The rocks farther up Hoh River 
dip in general to the east, as they do along Queets and Clearwater 
rivers. The structure of the .roclra exposed at the conspicuous 
canyon on Hoh River, at location I and to the west, and those 
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outcroppii^ at location K, southeast of Schmidt's house, on the 
south side of Hoh River, suggest that a northwest-southeast anti- 
cline may extend through this general r^on, the axis of which 
may cross the river in the vicinity of the gas vent reported by BiUy 
Snell at location J, on the north side of Hoh Kiver, approximately 
in the center of sec. 26, T. 27 N., R. 12 W. The rocks exposed at 
locations L and M, about a mile west of the Devils Mush Pot, near 
Spruce post office, have a general eastward dip, which suggests that 
this gas, if it is related structurally to the rocks exposed at locations 
L and M, must be escaping at some distance down the east flank of 
an anticline, the main axis of which may cross the river in the 
vicinity of location J, at the point where gas is escaping near Billy 
Snell's place. 

OTTUXATTTFE SITSB BASIN. 

Very little information regarding structure was ohtwned in this 
locality. As noted by the dip and strike symbols at locations A 
B, C, D, and E, on and near Bogachiel River, and location A on 
Calawa River, about 2J miles northeast of Forks, the prevailing dip 
of the rocks is to the east, as at neu-ly all other localities in this 
field. Most of the points where the readings were taken are so 
widely separated that there is room for one or more small anticlines 
to be present in the intervening space, but the writer has no evidence 
of their existence. Further detailed work along these streams and 
the streams to the north will undoubtedly yield valuable information 
regarding the position of any anticlines that may be present. 

BSItATIOH OF STBTTCrUHE TO AOCnunTiATIOXTS OF OIL AND QAS. 

In r^ons where the strata are saturated with water ("wet"), as 
is ihe case in this field, oil and gas collect usually imder anticlines 
or domes that are capped by some i&pervious stratum. On the 
other hand, in regions where the strata are comparatively "dry" 
the oil tends to collect in synclines or basins. The principle on which 
this action takes place is quite simple. Wherever open porous rocks 
contain water and oil disseminated through the mass there is a 
tendency for the water, being the heavier, to collect below and 
thus force the oil to occupy a position above it. If, however, the 
rocks are thoroughly saturated, there will be a general migration of 
the globules of oil upward through the strata mitil they reach the 
surface of the earth or imtil their progress is stopped by the presence 
of rocks like clay, shale, and dense sandstone, which are almost 
impervious to oil. If the porous stratum and the impervious cover 
are flatr-lying probably there will be no large accumulation of oil, 
but if they aie inchned shghtly the oil will continue to migrate up 
the rise at or near the base of the impervious stratum until it reaches 
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the upper limit of water saturation, or the surface of the earth and 
escapes ia an oil spring or aeep. If the structure is that of a dome or 
anticline the oil will collect in the porous rock directly underlying the 
impervious cap in the top of the anticline (except where gas is osbo^ 
ciated with the oil, in which case the gas will occupy the highest 
position) and remain there until it can escape to the surface through 
natural vents, such as seeps and fault planes, or artificial openings 
(drill holes). It is also true that if oil and gas are associated ia the 
same rocks, as is usually the case, the gas, heing lighter than the oil, 
will naturally occupy the crest of the anticline or apex of the dome 
tmderlying the impervious stratum. If the rocks are, "dry" the 
disseminated oil particles acted upon by the force of gravity tend 
to migrate downward. If the structure is that of a syncline or 
basin underlain by an impervious stratum the oil will collect in the 
depression. 

In this discussion the simplest condition, that ia which the rock 
containing the oil is a homogeneous mass overlain or underlain by a 
fitratum impervious to oil, is assumed. It is beheved that where the 
conditions are more complex, as where the oil is included in a shale or 
compact thin sandstone containing lenses of coarser sandy material 
and the rocks are fairly saturated with water, the oil will be forced 
into the rock whose pore spaces are larger, owing to the differential 
capillary attraction of water and oil. 

CONCLUSIONS. 

The writer does not predict that oil will be found in commercial 
quantities in this field, but he firmly behoves that it is a region worthy 
of the attention of oil operators. 

The report does not attempt to describe the stratigraphy and 
structxire of all the rocks exposed in the area represented by Plate H, 
but it does set forth all data collected in this field during the two 
months' reconnaissance. 

It is significant that all places where oil is escapiag from the surface 
of the earth, either in seeps or in oil-saturated sandy clay, and the 
principal places where gas is escaping are situated in that part of 
the field where the older "supposed Cretaceous" and Tertiary rocks 
are exposed. It is beheved that the source of the gas at the Garfield 
gas mound is not in the Queniult formation, through which it issues 
to the surface, but in the imderlying "supposed Cretaceous" forma- 
tion. The gas escaping in Queniult Lake issues from a place where 
marsh gaa is naturally expected to occur, namely, at the mouths of 
streams which have carried and buried and are continuing to carry 
and bury large quantities of vegetation, the decomposition of which 
could easily explain the large quantities of escaping gas. As this gas 
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was not analyzed, it is impossible to state definitely whether it is nat- 
ural gaa or marsh gas. The location of the vents suggests marsh gas. 

In this field, as has already been pointed out, the oil seeps and occur- 
rences of "smell mud" are firmly believed to be situated near the 
crests of anticlines. The gas vents are not similarly located because, 
as has been shown, the gas escaping at the Devils Mush Pot, near 
Spruce post office, on Hoh River, is certainly not associated with the 
crest of an anticline of the rocks which outcrop just to the west. It 
is also true that the gas escaping at the Garfield gas mound is not sit* 
uated near the crest of any known anticline. However, it may be 
situated near the crest of an anticline of the underlying "supposed 
Cretaceous" rocks, which are beUeved to be tmconformably overlain 
by the Queniult and younger formations. As the rocks of this field, 
which hes in that part of the United States where the annual rainfall 
is greatest, are undoubtedly well saturated with water, and as the 
principal oil seeps are situated near the crests of anticlines, it seems 
advisable for those desiring to exploit the oil and gaa resotmies of the 
re^on to drill in the vicinity of the crests of an anticline rather than 
in a syncline or where monoclinal dips prevail. 

The structure of rocks along the various river basins have been con- 
sidered by diatricts. That discussion, together with dip and strike 
symbols and the lines representing axes of antichnoa shown on the 
map (PI. II), should be a guide in a very general way to those contem- 
plating drilling. It should be kept in mind, however, that the pres- 
ence of favorable atructures, such as anticlines and domes, is not 
absolute proof that oil will be found. It is fairly safe to assume that 
if the oil is not discovered where the structure is favorable the chances 
are very remote that it will be discovered where the structure is posi- 
tively unfavorable. 

The discovery in this region and in commercial quantities of oil 
similar to that issuing from the seeps near Hoh Head would undoubt- 
edly prove to be a great boon to the Olympic Peninsula in that it 
would be a means of opening this comparatively unknown region to 
settlement. From the rainfaJl, the character of the soil, the numerous 
water-power sites, and other natural advantages, it seems quite prob- 
able that this region may in time furnish homes for thousands. 

o 
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THE MOORCROFT OIL FIELD, CROOK COUNTY, WYOMING. 



By v. H. Baenett. 



DfTRODUCTIOIf. 

The Moorcroft oil £eld lies 12 miles north of the town of Moorcroft 
on the Chicago, Burlington & Quincy Railroad. The presence of oil 
in this field has been known for at least a quarter of a century and 
many wells have boon drilled in the hope of developing a conunercial 
pool, but in only seven of these wells has oil been found in appre- 
ciable amounts. The present investigation, mode in June, 1913, 
followed a withdrawal of the land from entry pending examination, 
and the object of the investigation was to determine, as far as might 
be, the possibilities of the field by a study of tlie geologic structure, 
the various formations involved, and the conditions under which the 
accumulation of oil has taken place. The results of the work are not 
on the whole encoura^ng to further development of the field. 

The firat operations in the field, aa shown by Territorial Geologist 
Ricketts's report,* began prior to 1888, He stated that oil of high 
specific gravity was pumped from one well and collected from over 
a dozen springs, and was ' ' transported to mining towns in the Black 
Hills, where it commanded a ready sale as a lubricating oil at a price 
of $28 per barrel." The well, owned by the "Wyoming Standard Oil 
Co., was 300 feet deep and produced 5 barrels of oil a day. Some of 
the springs were said to have yielded 20 gallons a day, but this is 
probably excessive, as Ricketts says that the spring in the SE. i 
sec. 27, T. 52 N., R. 67 W., when first cleaned out yielded about 90 
gallons of oil a month. The oil at this spring collected on top of the 
water and was secured with a dipper. 

Different companies have drilled in the Moorcroft field at various 
times since 1887, until at present there are about 60 holes scattered 
throughout the field. 

The only wells which have yielded enough oil to warrant capping 
and attaching pumps are seven that form a small group in sec. 34, 
T. 52 N., R. 67 W. These, if pumped, would probably yield for a 
short time about 5 barreb each a day. They are owned by the Butte 
Crude Petroleum Co., a Montana corporation, which some years ago 
installed a pumping plant and wooden tanks. 

■ Blckette, 1>. D., Aniiual rsport ot tba Terrdtodsl geologist lothe governor ot Wyoming, p. tt, ISSS, 
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The Moorcroft oil field, including parts of Tps. 50 and 51 N., Rs. 
66 and 67 W., and T. 52 N., R. 67 W., as shown in figure 2, lies for 
the most part in an open plain bordered on the east by a ridge, which 
rises from 200 to 400 feet above the main part of the field. On the 
west there is also higher land, a more or lees distinct escarpment ris- 
ing to about the same level as the ridge on the east. The ridge and 
the escarpment are parallel, extending north and south. There are 
other smaller ridgea near the west foot of the high ridge and parallel 
to it. The valley of Belle Fourche River, which with its tributaries 
drains the field, is broad and flat, except in T. 51 N., R. 66 W., where 




FiatJBE 2.— Usp of WromlDg showliig the locMlDii ol tha HmhiidR oil Held and tb* Big Uaddy donis. 

it flows between more or leas precipitous bluffs which rise abruptly a 
short distance back from the stream. The high ridge on the east 
ude of the field is trenched by deep ravines and in some placeB 
dissected into badlands. 

The elevation of the field ranges from about 4,050 feet above sea 
level on Belle Fourche River, in sec. 29, T. 51 N., R. 66 W., to 4,650 
feet on the ridge in sec, 36, T, 52 N., R. 67 W., the average elevation 
being about 4,200 feet above sea level. 

Certain small areas in the Moorcroft field are cultivated and fair 
crops of grain, alfalfa, and timothy are raised. Some irrigation is 
done, especiaUy along Belle Fourche River, but up to June, 1913, 
only a small part of the irrigable land was in use. Tlie valley of 
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Belle Fourche Kiver, in places over 2 miles wide, is for tihe most part 
uncultivated »nd covered by sagebrush and native grasses. If an 
adequate irrigation system could be eatablislied it might well be put 
under cultivation. Considerable success also is attending cultivation 
without irrigation, and such farms are at present as numerous as 
those which are irrigated. A large part of the Moorcroft field is 
suitable only for grazing and a few small tracts yield a sufficient 
growth of grass to be cut for hay. Local areas along the eastern 
border of the field are covered by pine trees, some of wliich are suffi- 
ciently large for building material. 

Fuel for domestic use consists of wood from the timbered areas in 
the eastern part of the field and of coal shipped from places along the 
Chicago, Burlington & Quincy Bailroad or hauled by w^on from 
mines in the coal field southwest of Moorcroft. 

The principal water supply is obtained from Belle Fourche River, 
which crosses the southern part of the field in a general northeasteriy 
course, and from a number of springs of fairly good water along the 
foot of a ridge which extends across the east side of the field from 
northwest to southeast. Water is also obtained in very shallow w^Is 
in the vicinity of this ridge and some of the borings for oil have 
developed flowing wells of water, all of which are of low pressure. 
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METHOD OF FTEIiD WORE. 

The Moorcroft field was mapped on a scale of 2 inches to the mile 
by means of a plane table and telescopic alidade, the township being 
the unit reprwented by each field sheet. A complete system of trian- 
. gulation was established covering the field, and the stations of this 
system served the purpose of horizontal and vertical control and 
supplied the means of tying together in the final compilation of the 
map the different plane-table sheets. In beginning the primary 
control or triangulation a base line 7,300 feet in length was measured 
by stadia along a fairly level stretch between two intervisible points, 
the line extending from well No. 44 in sec. 27, T. 52 N., R. 67 W., in 
a northwesterly direction to a prominent point in sec. 22. From 
this line as a base a system of triangulation was carried over the 
field and supplemented by stadia traverses from triangulation stations. 
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The triangulatioD 8;yBtem was tied by a stadia traverse to a bench 
mark, established by the topographic branch of the United States 
Geolopcal Survey, in the NW. 1 NW. i sec. 7, T. 52 N., E. 66 W. 
(see PI. Ill, p. 104), and from this bench mark the altitudes of the 
various triangulatiou stations and stadia points were calculated. 

The map (JPl. Ill) was assembled after returning to the office by 
joining the individual plane-table sheets, using the points common 
to two or more of them. 

THE Olli. 

SBBPS AHS VELL8. 

At several localities in the Moorcroft field oil finds its way to the 
surface in the form of seeps or springs. 

In the SE. i sec 2, T. 51 N., R. 67 W., at a small spring seeping 
from the shale and sandstone of the Fuson shale * oil collects on the 
surface of the water; in the NE. J NE. i sec. 34, T. 52 N., R. 67 W., 
a very small amount of oil occurs in a ravine in the sandstone membw 
of the Graneroa shale; in the NE. { SE. i sec. 27, T. 52 N., R. 67 W., 
there is a spring of water on the surface of which oil collects in suffi- 
cient quantity to be dipped up with a ladle; and about one-quarter 
of a mUe farther north, in the next ravine, at another spring of water, 
oil collects in very small quantities. In the sandstone member of 
the Graneros shale exposed in a ravine in the SE. i sec. 22, T, 52 N., 
R, 67 W., there is oil in sufficient quantity to give a brownish color 
to the rock and impart a distinct odor of petroleum. Oil also seeps 
to the surface in three of the old drill holes along the west flank of the 
anticlinal ridge, as follows; Well No. 4, in sec. 36, T. 51 N., R. 67 W.; 
weU No. 14, in sec. 12, T. 51 N., R. 67 W.; and well No. 30, in the 
NE. i sec. 34, T. 52 N., R. 67 W. Oil is obtained at a depth of about 
600 feet from six wells in the NW. J sec. 34, T. 52 N., R. 67 W., 
where it occurs either in the sandstone member of the Graneros 
shale or in the Mowry shale member of tbe Graneros and is reported 
to have been struck at a depth of about 600 feet. 

Of the 65 seeps and wells described in the following pages, 3 are 
oil springs, 21 are shallow holes which should not be considered 
wells, and 41 are wells which are perhaps fair tests for oil at the locali- 
ties where they were drilled. Of these 41 test holes 15 are reported 
to have strati "showings" or small quantities of oil. One well 
is reported to have yielded a small amount of gas and 4 wells gave 
fiowing water. All the wells in the field but 7 have been abandoned 
as oil wells. 

In the following description the wells and seeps of the Moorcroft 
field are taken up by number, each number in the text having a corre- 
sponding number on the map. The most southerly well in the field 
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is No. 1 and wells and seops are numbered in consecutive order 
northward, so that the highest numbers are in the northern part of 
the field and the lowest ones in the southern. These numbers have 
no reference to the order in which the wells were drilled or to the 
companies drilling them. 

WeU No. 1. — Well No. 1 is located on the Sat along "Wind Creek 
in sec. 12, T. 50 N., E. 67 W. At the time of the writer's visit (June, 
1913) a Star rig was at the place and drilling had been started by the 
Wyoming Fuel & Oil Co., but operations had been stopped, appar- 
ently for repairs. The well has since been abandoned. The depth 
was not ascertained. The altitude of the surface is 4,110 feet. 

Wea No. ;?.— Well No. 2, located in sec. 1, T. 50 N., R. 67 W., is 
probably the well mentioned by Darton ' as the "Rapid City No. 1." 
Its depth is given by that author as 1,300 feet. At present the only 
evidence of the well is blue clay on the surface, a slight depression, 
and some old timbers strewn about. The altitude of the surface is 
4,100 feet. 

WeU No. 3.— Well No. 3 was drilled in the spring of 1913 by the 
IGneral Oil Co. and according to a statement of J. H. Russell, field 
manager, no oil was obtained. As shown on the map {PI. Ill) the 
top of the well is below the oil-bearing sandstone in the lower part 
of the Graneros shale, so that the only probable oil-bearing rocks 
which the well could enter are the Dakota and Lower Cretaceous 
formations. 

Log of well No. 3, sec. 5, T. SO N., R. 66 W." 

[Altitude or Eurbce, about t,230 feet.] 
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a Tlila log ia taken In part Irom B report by L. W. TnimbuU, Slate geologistolWyomluE, on theMoor- 
crorioiiaeld (In press). 

WeU No. 4-— Well No. 4 is located in sec. 36, T. 51 N., R. 67 W., 
and is probably the "Northwestern No. 2" of Darton,' 800 feet deep. 
According to a statement of Mr. B. M. Campbell, an old driller, some 
oil was struck. The well starts in the upper part of the Dakota 
sandstone and probably goes down nearly to the Sundance formation 
(Jurassic). At the time of the writer's visit (June, 1913) a little oil 
was standing on top of the water in the depression surrounding the 
drill hole. Tlie altitude of the surface is 4,090 feet. 

1 Darton. N H. 
regions In South D 
iLoo.clt. 
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Assessment weUs.— At locations 5, 6, 7, 11, 12, 21, 26, 40 to 43, 
inclusive, 45, 46, 53 to 57, inclusive, 59, 60, and 62 very shallow holes 
have been drilled, the deepest probably not over 125 foet and most 
of them much less, A number of these were put down in 1913 and 
some vrere cased with "down spout" (tin tubing about 4 inches in 
diameter) at the time of the writer's visit. Some of these shallow 
wells apparently were drilled by the use of a spring pole and a tool 
similar to a post-hole digger, as the material on the dump pile was in 
cylindrical chunks 6 inches in diameter. 

WeU No. 8,— Well No. 8 is located in sec. 21, T. 51 N., R. 66 W., 
in the valley of Eggy Creek, a small tributary of Belle Fourche Kivw. 
This well was drilled in 1904 and is reported to be 1,660 feet deep. A 
standard rig was used and some of the timbers were still on the 
ground at the time of the writer's visit. The well starts in the Fuson 
shale, and the red material on the surface indicates that it may have 
penetrated the Spearfish formation of probable Triassic age which 
outcrops farther east in the Black Hills.' The well was cased with 
wooden casing, which in June, 1913, was open and filled with water 
within 40 feet of the surface. The altitude of the surface is 4,100 
feet. 

WeU No. 9.— Well No. 9 is located in sec. 24, T. 61 N., R. 67 W., 
and at the time of the writer's visit was still cased, the casing pro- 
jecting 4 feet above the surface of the ground. The well was open 
and filled with water within about 45 feet of the surface. The alti- 
tude of the surface is 4,100 feet. 

WeU No. iO.— Well No. 10, in the SW. i SE. } sec. 24, T. 51 N., 
R, 67 W,, was drilled a number of years ago by the Monumental Oil 
Co. with a standard rig and is about SOO feet deep. Part of the tim- 
bers of the rig were still on the ground at the time of the writer's visit 
and the well was used by a near-by ranchman as a stock well. He 
obtains the water in a bucket 7 feet long and 4^ inches in diameter, 
fitted with a valve in the bottom, which was lowered by a windlass 
into the casing. Water stood in the casing within about 40 feet of 
the surface of the ground and is of good quafity. The well is located 
below (or east of) the outcrop of the main oil-bearing sandstone, so 
that the probabilities of finding oil were very poor. The altitude of 
the surface is 4,110 feet. 

WeU No. ;S.— Well No. 13 is located in the SE. J sec. 7, T. 51 N., 
R. 66 W., on the east side of the anticlinal ridge. The only evidence 
at the time of the writer's visit that a well had been drilled here was 
a hole in the ground and some old logs lying about the dump pile. It 
is reported to have been drilled by the Monumental Oil Co. to a depth 
of 700 feet and to have shown no evidence of oil. The altitude of the 
surface is 4,350 feet. 

L Ddrtoa.N. H., and O'Harre, C. C, U. 8. Gaol. Borraj Cool. Atlas, Aladdin Ittllo (No. 128), 1905, 
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WeU No. 14.— Wen No. 14, in the SW. i sec. 12, T. 51 N., R. 67 W., 
U abandoned. In a depression surrounding the old casing there was 
water at the time of the writer's visit, and on its surface a thin film of 
oU had collected. The top of the well (altitude 4,180 feet) ia below 
the base of the oU-bearing sandstone of the Graneros shale, so that 
the small amount of oil which collecte on the surface of the water 
probably seeps from the Dakota sandstone or underlying rocks. 

WeU No. 15.— Wen No. 15, in aec. 11, T. 51 N., R. 67 W., was 
drilled a number of years ago by the Butte C ude Petroleum Co. to a 
deptli of 440 feet. Apparently Uttle or no oil was encountered, for 
the casing was drawn and the weU abandoned. The altitude of the 
surface is 4,150 feet. 

WeU No. J6.— Well No. 16, in sec. 11, T. 51 N., R. 67 W., was 
drilled a number of years ago by the Butte Crude Petaroleum Co. to 
a depth of 550 feet. Flowing water was obtained, and after the 
metal casing was drawn a ranchman drove in a casing of boards, 
which for a time permitted the flow of water. At present, however, 
the position of the well is indicated only by a mud hole. The altitude 
of the surface is 4,120 feet. 

WeU No. J7.— Well No. 17, in sec. 1, T. 51 N., R. 67 W., was 
drilled a number of years ago by the Butte Crude Petroleum Co. to 
a depth of 700 feet. No oil was obtained, and at the time of the 
writer's visit the only evidence of a well having been drilled here was 
the hole from which the casing had been drawn and a pile of blue 
clay on the surface. The altitude of the surface is 4,425 feet. 

. Ftin JVo.i^.— WeUNo. 18,in8oc. 1,T. 51 N.,R. 67 W., was drilled 
a niunber of years ago by the Butte Crude Petrolemn Co. to a depth 
of 1,280 feet, but a set of tools was lost in the well and operations 
ceased. No oil is reported to have been found. The altitude of the 
surface is 4,450 feet. 

Locality No. 19 (Bird Oil Spring).— At locality No. 19,in the SE. \ 
sec. 2, T. 51 N., R. 67 W., there is a small spring where oil collects 
on the surface of the water. Birds coming here to bathe get the oil 
on their feathers and are unable to fly away. Many of these birds 
never get out of the spring. Because of this fact the spring is known 
as the Bird Oil Spring. At the time of the writer's visit (June, 1913) 
there were no less than a dozen carcasses in and about the spring and 
the bottom was covered with bones of birds. There was just enough 
oil to make a thin coating over the surface of the water. Birds 
that get only a little oil on them are able to hop away, and the rocks 
and sticks and ground around the spring are stained with the oU. 
The oil seeps from a sandstone in the Fuson shale. In the side of the 
draw a little above the spring there is a bed of very tough impure 
asphalt about 8 inches ^ck, a sample of which was analyzed in 
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the laboratory of tho United States Geological Survey by David T. 
Day. Mr. Day states that it "contains 17^ per cent of oil, fairly 
soluble in ether. The oil, after extraction, shows 8 per cent of 
asphalt. " The altitude of the spring is 4,330 feet. 

WeU No. SO.— Wen No. 20, in the SW. i sec. 2, T. 51 N., R. 67 W., 
is a shallow well drilled about 25 years ago. The well has long since 
been abandoned, hence it is probable that no oil was found. The 
altitude of the surface is 4,190 feet. 

WeU No. 22.~Well No. 22, in the SE. i NW. i sec. 3, T. 51 N., 
R. 67 W., was drilled in 1905 by Mr. Camahan to a depth of about 500 
feet. No oil is known to have been found in the well. When first 
visited by the writer in 191 1 the only indications of the well were some 
pieces of rope and the blue clay brought up by the drilling. The 
altitude of the surface is about 4,125 feet. 

WeU No. 25.— Well No. 23, in the NE. 1 sec. 3, T. 51 N., R. 67 W., 
was drilled a number of years ago to a depth of 220 feet and is awd to 
have produced enough gas to flame 5 feet high. There is little evi- 
dence of the well on the ground at the present time. The altitude of 
the surface is about 4,150 feet. 

WeU No. S4.—'We\\ No. 24, in the NE. i sec. 3, T. 51 N., R. 67 W., 
was drilled in 1905 by Mr. Conway and yielded flowing water until 
the casing was pulled. It is located a few hundred feet northwest of 
well No. 23. The altitude of the surface is about 4,150 feet. 

WeU No. «5.— Well No. 25, in the NE. } sec. 3, T. 51 N., R. 67 W., 
was drilled 25 years ago and yielded oil, which was freighted to 
Deadwood and sold at |1 a gallon. In June, 1913, it was difhcult to 
find the location of the well. The altitude of the surface is about 
4,150 feet. 

WeU No. «?■.— Well No. 27, in the NW. 1 sec. 36, T. 52 N., R. 67 W., 
was drilled m the spring of 1913 by the Mineral Oil Co. and is 810 feet 
deep. No oil was found, but water sufficient for drilling was encoun- 
tered at 790 feet. The well is situated on the crest of an anticline and 
starts in the Dakota sandstone. It probably enters rocks of Jurassic 
^e near the bottom. The altitude of the surface is about 4,630 feet. 

Wai No. S8.—WeM No. 28, in the SE. i sec. 35, T. 52 N., R. 67 W., 
is an old well probably put down about 25 years ago. It was drilled 
by a standard rig, some of the old timbers of which were still on the 
ground at the time of the writer's visit. The well was without casing 
of any kind. The altitude of the surface is about 4,250 feet. 

WeU No. 29.— Well No. 29, in the SE. i sec. 34, T. 52 N., R. 67 W., 
was drilled by the Butte Crude Petroleum Co. a few years ago. It is 
550 feet deep and flows a constant stream of water about one-half inch 
in diameter. The well is used as a stock well, having been cased and 
fitted with a smaU pipe, which conducts the water into a wooden tank. 
No oil was reported. The altitude of the surface is 4,180 feet. 
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WeU No. 50.— Well No. 30, in the NE. } sec. 34, T. 52 N., R. 67 W., 
was drilled aeveral years ago by the Butte Crude Petroleum Co, and is 
1,050 feet deep. Some oil was struck in the first 16 feet and a little oil 
is reported to have been foimd at 285 feet. This well is located just 
above the outcrop of the oil sand of the Graneros shale, the outcrop 
being in many places saturated with oil. At the time of the writer's 
visit in June, 1913, there was no casing in the well, but the hole 
remained open and water stood at a depth of 25 feet. A tin can 
lowered to the water brought up clear water with a vezy small amount 
of oil floating on it. The altitude of the surface is 4,290 feet. 

WeU No. 3/.— Well No. 31, in the NW. i NE. i sec. 34, T. 52 N., K. 
67 W., was drilled several years ago by the Butte Crude Petroleum Co. 
to a depth of 550 feet. No oil is known to have been found but water 
was apparently obtained, as the casing was left in the well, which is 
ri^ed with a pmnp. The altitude of the surface ia 4,230 feet. 

Wells No8. S« to S6, tncZumve.— Wells Nos. 32 to 36, inclusive, in the 
NW. i sec. 84, T. 52 N., K. 67 W., were drilled a few years ago by the 
Butte Crude Petroleum Co, They are each about 615 feet deep and 
would yield a small quantity of oil by pumping, probably from 3 to 5 
barrels daily for a short time. The company a few years ago installed 
a stationary engine and built three wooden tanks each with a capacity 
of 250 barrels. The five wells still had pump jacks attached at the 
time of the writer's visit in June, 1913, and one (No. 35) was rigged 
so that it could be pumped by hand. A sample obtained in tliis way 
from this well was analyzed by David T. Day, of the United States 
Geological Survey, {See analysis No. 1, p. 94.) The altitude of the 
surface at these wells is about 4,200 feet, 

WeU No. 57.— Well No. 37, in the NW, i NW. i sec. 34, T. 52 N., 
R. 67 W., was drilled some years ago by the Butte Crude Petroleum 
Co, to a depth of 830 feet. The casing was pulled and the well aban- 
doned. The altitude of the surface is about 4,230 feet. 

WeU No. SS,— Well No. 38, in the NW. i NW, i sec. 34, T, 52 N,, 
R. 67 W., was drilled some years ago by the Butte Crude Petroleum 
Co. to a depth of 830 feet. This well, with five others, Nos. 32 to 36, 
have pump jacks attached. The altitude of the surface is 4,230 feet, 

WeU No, 39.— WeU No. 39, in the NW. i NW. i sec. 34, T. 52 N., 
R. 67 W., was drilled some years ago by the Butte Crude Petroleum 
Co. to a depth of about 830 feet. A small amoimt of oil is reported to 
have been obtained in this welL At the time of the writer's visit the 
casing was still in the well and was plumed with a piece of wood. The 
altitude of the surface is 4,230 feet. 

WeU No. 44-— Well No. 44, in the SE. 1 sec. 27, T. 52 N., R. 67 W., 
was drilled a few years ago by Mr. Vanderaall, the ground having been 
leased from the Butte Crude Petroleum Co. A set of drilling took and 
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the casing were left in the welL The altitude of the surface is 4,210 
feet. 

Locality No. 47.— At locality No. 47, in the NE. J SE. i sec. 27, T. 52 
N„ R. 67 W., there is a spring, locally known as the Park Oil Spring, 
in which the oil collects and may be dipped up with a ladle. The oil 
bums readily with a crackling sound due to water associated with it. 
The altitude of the surface is 4,260 feet. 

WeU No. 45.— WeU No. 48, in the NW. i SE. i sec. 27, T. 52 N., E. 
67 W., was drilled in 1911 by the Butte Crude Petroleum Co. to a 
depth of 130 feet. A small quantity of oil was obtained, but the eas- 
ily was drawn and the well abandoned . The altitude of the surface is 
4,250 feet. 

Locality No. 49.— At locality No. 49, m the SB. i NE. i sec. 27, T. 52 
N., R. 67 W., there Is an old oil seep. A hole has been dug about 4 
feet square in the bottom of a draw and walled with boards. At the 
time of the writer's vi&it water was standing in this excavation and the 
only evidence of oil was the stain on the board walls. The altitude of 
the seep is 4,265 feet. 

Wea No. 50.— Well No. 50, in the SE. i NW. i sec. 27, T. 52 N., R. 
67 W., was drilled in the spring of 1913 by the Mineral Oil Co. to a 
depth of 440 feet. A little oil is reported. The casing was drawn and 
the well abandoned. At the time of the writer's visit water was seep- 
mg from the hole. The altitude of the surface is about 4,240 feet. 

WeU No. 5J.— Well No. 51, in the SE. J NE. J sec. 28, T. 62 N,, R. 
67 W., was drilled in 1904 by E. P. Clark to a depth of 950 feet. The 
casing has been drawn and the well abandoned. The altitude of the 
smface is 4,315 feet. 

Wea No. 5j?.— Well No, 52, in the SE. 1 NE, J sec. 28, T. 52 N., R. 
67 W., was drilled m 1904 by E. P. Clark to a depth of 1,240 feet. The 
casing has been drawn wid the well abandoned. The altitude of the 
surface m 4,350 feet. 

Wea No. 55.— Well No. 68, m the NW. i SE. J sec. 22, T. 62 N., R. 
67 W,, was drilled in the spring of 1913 by the Mineral Oil Co^ to a 
depth of 680 feet. Water was struck in this well and a showing of oil 
is reported. The altitude of the surface ia 4,300 feet. 

Wea No. ef .— Well No, 61, in the SE. J SE. i sec. 21, T. 52 N., R. 
67 W., was drilled a number of years ago with a standard rig and is 
said to be 1,100 feet deep. The casing has been pulled and the well 
abandoned. The altitude of the surface is 4,320 feet. 

Wea No, eS,— Well No. 63, in the SE. { SW, i sec. 15, T. 62 N., R. 
67 W., was drilled mthe spring of 1913 by the Mineral Oil Co. to a 
depth of 610 feet. A Uttle oil (about a gallon) is reported to have 
been foimd in the well and flowing water was also obtained, but the 
casing was drawn and the well abandoned. 
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Wdl No. 54.— Well No. 64, in the SW. 1 SW. i sec. 15, T. 52 N., 
R. 67 W., was drilled in the spring of 1913 by the Mjneral Oil Co. to 
a depth 6f 340 feet. A little oil is reported, but the casing was drawn 
and the well abandoned. The altitude of the surface is 4,195 feet. 

TTcH No. ^5.— Well No. 65, in the SE. i sec. 16, T. 52 N., R. 67 W., 
was drilled to a depth of 982 feet in the spring of 1913 by the Mineral 
Oil Co. A Uttlfl oil and water is reported, but the casing was drawn 
and the well abandoned. The altitude of the surface is 4,230 feet. 

CHABAOTEB AND C0UP08ITI0N OF THE OIL. 

From the analyses which follow it ia evident that there are in the 
Moorcroft field two distinct oils, differing widely from each other in 
oharacter. Each of these is a heavy oil, having a specific gravity 
above 0.9000. The lighter of the two has a specific gravity of 0.9198 
and according to David T. Day is a paraffija-base oil. It contains 
a small amount of water and little or no sulphur. The sample 
analyzed had apparently by exposure lost gasoline and other of its 
more volatile constituents. Mr. Day states that "the oil is easily 
refined and a fresh sample will probably show considerably greater 
proportions of gaaohne and illuminating oil. The sample analyzed 
is suitable for the manufacture of lubricants." (See analysis of 
sample No. 1, p. 94). The well from which this oil came (No. 34, 
PI. HI) is reported to be capable of producing about 5 barrels a day, 
but at the time of the writer's visit (June, 1913), it was not in opera- 
tion. The well was fitted with a pump, and any one desiring a small 
quantity of oil could obtain it by pumping by hand. 

Another much heavier oil seeps from the Fuson shale at the Bird 
Oil Spring aocation 19, PI. Ill), in the SE. i sec. 11, T. 51 N., R. 67 
W. An analysis of this oil was not made, but according to Mr. Day 
it contfuns 8 per cent of asphalt and is composed entirely of unsatu- 
rated, hydrocarbons. 
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Sample No. 2, in the following table of analyses, was obtained from 
a piece of tlie asphalt taken from the bank above the Bird Oil Spring. 
Regarding this sample, Mr. Day says: 

Thia is a rock which is shown by analysis to contain 17} per cent of oil, fairly soluble 
in ether. The oil, after extraction, contains S per cent of asphalt. It is, however, 
composed entirely of unsaturated hydrocarbons and does itot owe its dark and thick 
character to surface oxidation but has seeped out in very much the condition in which 
it ia found. The fact that this oil consials of unsaturated hydroearbonH would indi- 
cate that the uBual proportion of saturated hydrocaibons had been lost by diflusioa 
into some wall rock. 

ArtahfKB ofoiUfrom the Moorcrofl oilfield, Wyo. 
[Uada la the laboratory of the Unllsd Stales Qedoglcal Sartej, David T. Day In cbarge.) 
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FBODircnON AND F17TITBE DEVELOPMENT IN THE FIELD. 

The production of oil ia the Moorcroft oil field is very small, being 
limited at the time of the writer's visit in June, 1913, to an occa- 
sional small quantity for lubrication, pumped by hand from one of 
the seven wells in the NW. i sec. 34, T. 52 N., R. 67 W. It is re- 
ported, however, that eax;h of these seven wells would yield by pump- 
ing for a short time about 5 barrels each a day. 

The amount of money which has been invested in prospecting and 
trying to develop the Moorcroft field ia estimated at about $200,000, 
which is perhaps $199,000 more than has ever been realized from 
sales of oil. 

The field, according to the development already done, has shown 
little of value, and as it has been thoroughly prospected it probably 
will never have any great production. In spite of this fact the writer 
is informed that in February, 1914, several companies were engaged 
in drilhng wells in the field. 

GEOLOGT. 
STBrtrCTUHE. 

The Moorcroft oil field is on the extreme west edge of the Black 
Hills uplift. The attitude of the rocks of this field ia monoclinal, 
with a general westward dip, but the amount of dip differs somewhat 
in different parte of the field. In general it is steepest (about 10°) 
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near the foot of the high ridge on the east side of the field and lower 
(from 2° to 7°) at a distance from the ridge. Exception ia found to 
this general monoclinal structure in a rather irregular anticline in 
the eastern part of the field. In the northwest part of T. 50 N., R. 
66 W., this anticline dies out, the rocks becoming neu*ly flat. A 
similar condition obtains at the north end of the anticline axis in T. 
52 N., R. 67 W. In sec. 12, T. 62 N., R. 67 W., there is a very shallow 
syncline parallel to and on the eastern aide of the antichne. 

The two cross sections, A-B and C-D, show the general attitude 
of the formation along the lines designated by these letters. 

STRATZaHAPHT. 

SEQUENCE OF THE BOCKS. 

The Moorcrof t oil field is bounded on the north by the Devils Tower 
quadrangle, of which the Mesozoic formations, comprising about . 
4,500 feet of sandstone and shale with local bands and concretions 
of limestone, have been mapped and described by Darton and 
O'Haira.^ The formation boundaries in the northernmost two tiers 
of sections in T. 52 N., R. 67 W., are taken from their map (see PL 
HI), and the following generalized section is also taken in part from 
their work, differing from their section mainly in the thickness of 
the formations. For the areal distribution of the formations given 
in the section see the general map (PI. Ill, p. 104). 

> Dtitoa, N. H., Bud O'Huia, C. C, U. S. Oeol. Bamj Geol. AUas, Devlb Tmrar Itlio (No. l£D),iaaT. 
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JURASSIC OH CRETACEODS SYSTEM. 
VOBBISOir SHALX. 

The Morrison shale outcrops at two localities in the Moorcroft oil 
field — in the narrow, deep valley of the Belle Foiirche in (he south- 
west part of T. 51 N., E. 66 W., and in a gorge occupied by a tribu- 
tary of Cabin Creek in sees. 1 1 and 14 of T. 52 N., R. 67 W. At both 
these places the outcrop consists of ahale, prevailingly bluish gray, 
but containing als3 some maroon and purplish tints. The formation 
is predominantly shale, hut contains a bed about 2 feet thick of very 
fossiliferous impure limestone, which lies near the base of the expo- 
sure. 

The sections of the Morrison shale exposed in the Moorcroft oil 
field were not measured, but Darton and O'Harra • give a number of 
sections of the Morrison in the Devils Tower folio. The section near- 
est the Moorcroft oil field which was measured is near Lytle Creek, 
about 10 miles northeast of this field, and is as follows: 

Section of MoTTWon shale 4 miUa east-ioutheatt of DetriU Trmxr, north of Lytle 
Creek. 

F«et. 
Fiie cl&y, impure, rough, uodukr, overlain by Lakotn sandstone. . . 2 

Shale, green 12 

Fireclay, sandy 1 

Shale, green, locally with purple tinge 70 

Shflle, lime-clay , 6 

Shale, green and diah, fine 12 

Shale, green, witb some lime-clay nodules 16 

Limestone, slightly argillaceoua, lying on Sundance formation 6 

125 
Darton and O'Harra state, regarding the fossils and age of the 
Morrison shale in the Devils Tower quadrangle, that: 

The Morrison shale contains many large bones, and in other areaa it has yielded a 
varied vertebrate fauna, condatii^ of many genera of dinosaurB, some of which are of 
huge size, and of primitive forms of small mammals. This fauna, which is often 
called the Atlantosfturus fauna, is thought by some paleontolc^iste to be of early Cre- 
taceous age and by others is assigned to the late Jurasac. The invertebrate fossils 
axe all fresh-water forms which furnish no positive evidence as to age. 

CRETACEOUS SYSTEM. 
LOWEB CBETACEOnS SEBHS. 

Lakota sandstone. — The Lakota sandstone outcrops about the areas 
of Morrison shale in sees. 19, 29, and 30, T. 51 N., R. 66 W. ; in sees. 
11 and 14, T. 52 N., R. 67 W.; and also at a number of other plac^ 
where erosion has cut through the Dakota and Fuson formations in 
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the area indicated on the map (PI. Ill) as Dakota. The latter areas 
were considered too numeroua and of too small extent to varrant 
mappii^ in the short time at the writer's disposal. Wherever noted 
in the Moorcroft field the Lakota sandstone consists of light-colored 
coarse-grained massive sandstone which forms cliffs. It is similar to 
the Dakota sandstone, and without knowing the relative positions 
one might easily confuse the two. Darton and O'Harra ' state that 
the Lakota sandstone "is not so continuously massive, and, although 
hard in some localities, it is generally softer than the Dakota and 
forms a less marked feature in the topography," 

These authors state further that "the thickness of the Lakota 
varies considerably and in many places [in the DevUs Tower quad- 
rangle] it is difficult to separate it from the overlying Fuson formation. 
Kear the head of Burnt Hollow it is apparently only 25 feet thick, 
and near the head of Deer Creek and on Sourdough Creek it is 30 feet 
thick." The thickness of 30 feet agrees closely with the writer's 
observations in the Moorcroft field and also with the thickness meas- 
ured by Darton and O'Harra on Cabin Creek a mile or so from the 
Moorcroft field. 

The Lakota was not studied in detail in the Moorcroft field, but a 
section measured several miles to the northeast on Sourdough Creek 
is given by Darton and O'Harra as follows: 

a north tide of Sourdough 

yellowuh {^y, maBsive, overlun by Fu5on shale 

piuplbh giay, soft 

purplish, fla^y, with eeveiat bands of iroa oxide 

massive 

massive, soft, lying on Morrison shale 



Sandstone, 
Sandstone, 
Sandstone, 
Sandstone, 
Sandstone, 



No fossils were obtained from the Lakota sandstone in the Moor- 
croft field, but fossil cycads and petrified wood have been collected 
from it in various parts of the Black Hills. 

Fuson shale. — The Fuson formation consists largely of clay and 
shale with some thin beds of sandstone. It forms the slope between 
the Dakota and Lakota sandstones and locally is developed into 
badlands, especially along the west side of the highest ridge in the 
eastern part of the field. 

Two areas of the Fuson shale are shown on Plate III. Other 
smaller exposures also occur, but the time at the writer's disposal 
would not permit of mapping. These small outcrops of the Fuson 
not shown on the map are included in the area mapped as Dakota. 

'Op. clt.,p.3. 
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Darton and O'Hatra * state that: 

Sandetonee appear in searly every exposure of the formalloa, and in general in this 
area the Fuson is mudi more aandy than in other paria of the Black Hills upliit, where 
it contains much soft shale and fire clay. The thickneoe vaiiee from 50 to 100 feet, 
but Bome of the measurements are indefinite on account of the changeable nature of 
the various beds. 

In the Moorcroft field no detailed sections of the Fuson were 
measured but from altitudes determined on the base and top of the 
formation and a measurement of the dip the thickness in sec. 14, T. 52 
N., K. 67 W., is calculated to be 70 feet. This exposure contains a 
rather prominent sandstone bed near the middle of the formation. 
A detailed section of the Fuson shale north of Cabin Creek near fhe 
northeast comer of the Moorcroft oil field is given by Darton and 
O'Harra as follows: 
Section of Fu»on shale north i>/ Cabin Creek, near norlheait comer nj Moorrroft oil fitld. 

FMt. 

Shale, yellonish gray, sandy, darker near t«p, overlain by Dakota 

aandsttine 3ff 

Sttndfltone, yellowiah, maaeive 3 , 

Shale, yellowish, sandy 6 

Sandstone, yellowish, masxive 5 

Shale, yellowish gray, darker near the top, lying on Lakota sandstone - 50 

xoo 
In connection with this section Darton and O'Harra state that: 
Some of the Sandy clays of the Fuson Eormatian contain fossil plants, mostly ferns 

and conifers, which have been collected extensively in the neighboring Aladdin 

quadrangle. The speciee are numerous and their age is Lower Cretaceous. 
No fossils were collected from the Fuson shale in the Moorcroft 

oil field. 
The Bird Oil Spring in sec. 2, T. 51 N., K. 67 W., described on pages 

89-90, comes to the surface in friable sandstone of this formation. 

OFPEK CBXTACEOTTS SEBIES. 

Dakota sandstone. — The Dakota sandstone, which lies at the base 
of a thick mass of shale, is the most conspicuous formation of the 
Cretaceous system in this region. It rises gently toward the east, 
forming dip slopes which are especially notable on the higher parts 
of the anticline on the east side of the field. 

An exposure in sec. 14, T. 52 N., R. 67 W., shows the following 
section : 

Section of Dakota aarubtcme inlheSW.i NW. { sec. U, T. St N.. R. 67 W. 

Feet. 

Sandstone, brown, cross-bedded and massive , 20 

Sandstone, light brown or yellowish gray, rather friable and thin- 
bedded (indistinctly exposed in upper 10 feet) 30 
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In Ihe MooTcroft field the Dakota differs somewhat from the 
above description. Isolated moaumetit'like forms of weathered 
material have a distinct gray color with some reddish-brown tints 
In at least a part of the area there is some carbonaceous shale in 
the upper part. At one exposure in sec, 31, T. 51 N., R. 66 W,, 
the sh^e contains 1 foot 6 inches of bony coal. 

No fossils were collected from the Dakota sandstone in the Moor- 
croft field, but according to Darton and O'Harra it carries in the 
Black Hills "remuns of dicotyledonous plants of late Cretaceous 
age." 

Graneros shale; — The Graneros shale is described by Darton and 
O'Harra ' as follows: 

The Graneroe t<«mation in tbiaquadmigle[the Devils Towerlconsuts of four distinct 
tnembera — Uie lower black ah&le, & massive Bondatone, the Mowiy beds, and the upper 
shale — the total tlucknen being about 1,250 feet. These divisions are clearly defined 
lithologically and widely eipoeed. They are also distinct topographically, the mas- 
dve santlatone and the overlying Mowry beds rising in ridges of moderate prominence 
from valleys of the adjoining shales. 

The sandstone of this formation is the main oil-bearing bed of the 
Moorcroft field and probably is also the oil-bearing sandstone in the 
vicinity of Newcastle, 

In the Moorcroft field the Graneros outcrops in a zone about 2 
miles wide along the west side of the anticline ridge. At both the 
north and south ends of the ridge the outcrops swing toward the 
east and as the dip becomes less the zone of outcrop becomes wider. 

The lower shale of the Graneros formation occupies a rather narrow 
zone, generally a valley between the more resistant sandstone of the 
Dakota below and the oil- bearing aandstcme above. As stated by 
Darton and O'Harra:' 

The rork ia a fissile shale of datk-gray or intensely black color. Small depoeite of 
sandstone and sandy shales occur near the bottom, and here and there iron-charged 
concretions 1 to 2 feet in diameter are scattered through the middle and upper por- 
tions, but they ahowat few placee, except in the extensive exposures, and are nowhere 
abundant. • * ■ The thickness of the shale varies considerably, but is prevail- 
ingly greater in the central and northern. portions of the quadrangle. On the southern 
border it is 120 feet. In Barnard Canyon, due north of Devils Tower, it is l&O feet. 
On T. L. Creek it is a little more than 200 feet, but the full thickness is not revealed. 
It can not, however, be much over 200 feet. 

In the Moorcroft field the thickness at several points along the 
outcrop is calculated by the writer to be about 300 feet, but there 
may be a thickening of the shale in this re^on due to its being folded 
between the more resistant Dakota sandstone below and the oil- 
bearing sandstone above. 

The sandstone overlying the black shale outcrops in a narrow 
ridge parallel to the exposure of the shale. It is immediately over- 
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lain by the Mowry shale member and is composed of beda of sand- 
stone, shale, and clay. A section in the SE. i sec. 22, T. 52 N., 
K. 67 W., shows a thickness of 45 feet as follows: 

Section oftandltone part of (Ae Chrmeroa thole in the 8B. i gee. iS. T. 5i If., R. 67 W. 

Ft. Id. 

Shale, drab, friable (overlain by Mowiy shale member} 2 

Sandetoae, rusty broim, concretionary, containing fossil inverte- 
brates 8 

Shale, bluiflh gray, soft, sandy 2 

Sandstone, giayi^ brown, friable, shaly; a few fossil invertebrates 

and plant stems 4 o 

Shale, black, very carbonaceous 

Clay, ligM. brown, soft 3 

Shale, black, carbonaceous 5 

Shale, light bluish gray, sandy 10 

Sandstone, grayish brown, hard, containing plant stems and a 

deciduous leaf 1 G 

Shale, dark, sandy C 

Sandstone, gray on weathered surface, brown on fresh surface 5 

Sandstone, gray, friable, soft, shaly 4 6 

Siale, dark, very carbonaceous 2 

Clay, light bluish gray, soft 3 4 

Shale, bluish gray 7 

Shale, dark, carbonaceous, sandy 2 

Sandstone, gray on weathered surface and brown on fresh surface, 

with strong odor of oil ; friable and containing plant stems 3 10 

45 7 

The sandstone of the Graneros sb&le probably is not as well 
developed in the Moorcroft oil field as farther north in the Devils 
Tower quadrangle. It is described by Darton and O'Harra' in the 
Devils Tower folio as follows: 

The rock is a massive sandstone of medium to coarse grain and in a few places it 
becomee a conglomerate. The conglomeratic character is well developed in the two 
areas west and northwest of the Missouri Buttes. The rock in the outcrops nearest the 
buttes consists largely of pebbles about the size of a pea, while in the larger area 2 or 3 
miles away many of the pebbles are I inch in diameter and there are some reaching 
2, 3, or even 4 inches. The thickness of the sandstone varies from 8 feet, as the approx- 
imately general amount south of Poison Creek, to 50 feet in the area south and west of 
Elkhom Creek. 

Of the areas mentioned by Darton and O'Harra the nearest to the 
section given above from the Moorcroft field is about 12 miles distant. 
In the Moorcroft field the whole of the sandstone is not well exposed 
except in very few places, but certain beds may be seen almost any- 
where along the line of outcrop, which is shown on the map (PI. III). 

The Mowry shale member of the Graneros shale outcrops in a 
zone about one-half mile wide immediately west of the outcrop of the 

■Op.dt.,p,«. 
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sandstone. The top of the shale is not clearly defined in the Mooi^ 
croft field. Nearly everywhere it ia located on grassy slopes and is 
therefore concealed. In mapping this boundary the line was in most 
places drawn at the west border of the strip of pine timber, which in 
this region is largely limited in its growth to the soil of the Mowry 
shale. This line may be stratigraphicaUy a little too high to conform 
with the calculated thickness (300 feet) of the Mowry. This mapping 
in fact makes it nearly twice as thick as id the Devils Tower quadrangle 
where it was measured by Darton and O'Harra,' although the total 
thickness of the Mowry and that of the upper shale member of the 
Graneros as mapped in the Moorcroft field is about the same as that 
of these two members in the Devils Tower quadrangle. 
Darton and O'Haira describe the Mowry as follows: 
The material ie a compact shale of dark color, containing large numbers of detached 
fiah Bcalee. These ecalee are found in all portions of the member, but I'ary in abun- 
dance. In places they are closely packed together, while in some beds Ihey are some- 
what widely scattered. In general they are sprinkled singly over the shale surfaces, 
in the proportion of one to four scales in 6 square inches. They range moelly from. 
one-half to three-fourthe ofan inch in diameter. 

In the hand specimen of fresh rock the shale differs little in general appearance from. 
that of the lower Graneros ei-cept in fissility, the lower beds being thin and papery, 
while the Mowry scale shales are thicker or more slabhy and considerably harder. 
Owing to tbe fact that the Mowry beds are much harder than the adjoining shales, they 
giverise to hills and ridges of moderate prominence. Theya&ord a fairly firm hold for 
tree roots, and as a result the Mowry hills are generally well co\ered with pines and 
scrub oaks. The shales are dark gray or decidedly black when fresh, but, tmlike the 
other Graneros shales, weather through drab to a light gray, and this light color, 
together with the wooded hills and ridges, causes tho Mowry outcrop to be very con- 
spicuous. The contact of the Mowry beds with the underlying sandstone is in moat 
places distinct, but the contact with the o^■erlying upper Graneros shale is as a rule 
concealed by the mingled shales of the two members. 

In the Moorcroft field the contact of the Mowry shale with the 
underlying sandstone is less definite than the description in the 
Devils Tower folio would indicate it to be in that region. In most 
places there is at least a low valley between the pine-clad ridge of the 
Mowry on the west and the sandstone ridge to the east. It appeara, 
therefore, that the lower part of the Mowry is less resistant than the 
upper part. 

The soft shale constituting the upper part of the Graneros forma- 
tion occupies a more or less distinct valley about three-fourths of a 
mile wide, lying immediately west of and parallel with the outcrop 
of the Mowry shale member. This upper shale in general is similar 
to the lowest shale of the Graneros but contains more calcareous 
concretions, especially in the upper 150 feet. They are in fact so 
numerous that locally they form ridges. The upper shale also con- 
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tains some very hard iron carbonate concretions, ranging in diameter 
from 6 to 10 inches. 

Calculations made from the distances between the boundaries as 
mapped in the field indicate that the upper shale is about 600 feet 
thick, but Darton and O'Harra ' state that west of Little Missouri 
River, about 20 miles north of the Moorcroft field, it is approximately 
850 feet thick. 

GreeiJwm formation. — The Greenhorn formation outcrops in a nar- 
row zone less than one-fourth of a mile wide and forms a rather 
prominent ridge west of the outcrop of the upper part of the Graneros 
shale. It is described as follows by Darton and O'Harra:' 

It consists of altematiiig beds of lime-cliiy concretions and black shalefl, the shales 
being almost identical in general appearance with the Carlile and upper Graneroa 
shales and the conoetione not diSering greatly from those of the Carlile. The cod- 
cretions are of sufficient importance, however, to give a perceptible topographic effect, 
and with careful obeervatione, in the absence of good expoaurea, the general position 
of these beds may be traced over the gently undulating surface. The concretions vary 
from a few inches to several feet in diameter, the usual size being 1 to 4 feet. They 
have a bluish-grBy color and are spherical or ellipsoidal in shape. Here and there they 
show a well-developed Beptarian character, and a fair proportion contain foasils, chiefly 
Inoceramua labiatUM, a fossil which is characteristic of this formation. The thicknesn 
of the formation varies between 60 and 80 feet, but its stratJgraphic limits are somewhat 
indistinct. 

The Greenhorn formation as mapped in the Moorcroft field is about 
175 feet thick, but the stratigraphic hmits are so inde&nite that some 
of this thickness, aa given in the table, may include a part of the 
Graneros shale below or some of the Carlile shale above. 

Carlile shale. — The outcrop zone of the Carlile shale is parallel with 
that of the other formations of the Moorcroft field and occupies a atrip 
of country a httle over a half mile in width, as indicated on the map 
(PI, III). The greater part of the outcrop consists of gentle grass- 
covered slopes. Darton and O'Harra ' describe the CarlUe shale in 
the Devik Tower quadrangle as — 

made up of three fairly diatinct divisions. The upper division is about 300 feet thick 
and is nearly all shale; few concretions are present and these occur at indefinite 
horizons. The middle division is 125 feet thick and consists of concretions and shale, 
the concretions being of considerable size and in sufficient number to leave an impress 
on the topt^raphy in favorable localities. The lower division is 200 feet thick and, 
like the upper division, is chiefly shale, only a few concretions being observed. The 
middle series much resembles the Greenhorn formation, but lacks the distinctive 
Inoceramus. 

Niobrara shale. — The outcrop zone of the Niobrara shale was 
mapped as shown on Plate HI on the evidence of material brought 
to the-surfaee in drilfing a well (No. 41) in sec. 33, T. 52 N., R. 67 W., 
and by extending the tK>undaries mapped by Darton and O'Harra in 

1 0p. cIL, p. 4. > Idam, pp. 4 nod G. 
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the Devils Tower quadrangle (the north two tiers of sections of T. 52 
N., R. 67 W., are a part of the Devils Tower quadrangle). 

The material on the dump pile of well No. 41 in sec. 33, T. 52 N., 
R. 67 W., consists of bluish-gray, very calcareous shale. No outcrop 
of the shale was seen in the Moorcroft field, as it is concealed by 
grassy slopes, but a thickness of about 100 feet is probably present, 
as in the Devils Tower quadrangle to the north. Darton and O'Harra' 
describe the lithologic character of the Niobrara shale as follows: 

Tho lithologic clmracl«r of the Niobrara in this quadrangle is identical with that 
which ia bo uniformly peculiar to it throughout the Black Hills region — that is, it 
consists of soft, light-gray, alabby ahalee, weathering to creamy yellow and chalky 
gray, finely dotted with white epecka and carrying thin, irregular a^regates of Ottrea 
cor.gesta, 

Pierre shale. — ^The outcrop zone of the Pierre shale is about 2 miles 
vride and is parallel to the outcrop of the other formations of the 
lloorcroft field. Its strike is nearly north and south (PI, III). The 
Pierre shale in this field as elsewhere consists chiefly of dark soft 
shale, weathering into broad gentle slopes and low rounded hiUs. In 
the SE. i sec. 20, T. 52 N., R. 67 W., there is a change in the character 
of the thinly grassed sf^ebmsh soil of the Pierre shale area from a 
surface covered with chips of iron oxide on the east to one barren of 
such iron oxide chips on the west. 

The thickness of the Pierre shale in the Moorcroft oil field is cal- 
culated from field observations to be about 2,000 feet. It rests on 
the Niobrara shale below and is overlain by the Fox Hills sandstone. 

Fox HiUs sandstone. — The outcrop of the Fox Hills sandstone 
occupies a zone of grass-covered hills with gentle slopes lying imme- 
diately west of the Pierre shale. It outcrops in a belt about three- 
fourths of a mile wide and, hke the outcrops of the other formations, 
extends in a north-south direction (PI III) , It occupies only a small 
area in the re^on mapped. The sandstone is not well exposed, but 
there is no reason to beheve that it differs materially from that at a 
locahty in T. 48 N., R, 66 W., several miles to the southeast, where 
in 1911 the writer measured the following section: 

Sectvm oJFox Bills sandsUme in sec. SO, T. 4S JV,, R. 66 W. 

Feet. 

Sandstone, light brown '. 38 

Shale, light and dark gray, sandy 83 * 

Sandstone, light brown 27 

Shales, tan and blue gray, saDdy (transitional shale at base of Fox 

Hills) 38 
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POSSIBtt,ITIES OF OIL IN THE BIG MUDDY DOME, CON- 
VERSE AND NATRONA COUNTIES, WYOMING. 



By V. H. Barnbtt. 



DJTBODUCTION. 

Since the successful development of the Salt Creek oil field on a 
pronounced dome-shaped stracture 50 miles north of Casper, pros- 
pectors have been busy searching similar structures in different parte 
of the State, and though the search has in few places been rewwded 
by the discovery of oil in commercial quantity, it still continues and 
probably will not cease imtil every such structure has been tested by 
the drill. Although this method of prospecting involves the expendi- 
ture of a large amount of money, it is the only one by which the 
question of the presence or the absence of oil can be determined. 
The United States Geolo^cal Survey desires to aid the prospectors, 
and with that object in view is constantly searching for domes or 
other structures favorable for the accumulation of oil, for by point- 
ing out these more favorable locations a lai^e amount of entirely use- 
less drilling may be prevented. Although the Survey does not guar- 
antee that oil will be found in any of these domes, its position is that 
such domes are the most promisiug localities; and if the drill proves 
that they do not contain oil, it is useless to search in other places. 
The object of the present paper is to describe such a dome or anti- 
cline in the vicinity of Big Muddy Creek on the south side of North 
Platte River. 

LOCATION AND DEVELOPMENT OP THE PIELD. 

The area described in this paper extends along both sides of North 
Platte River from the vicinity of Casper to a point beyond Glenrock 
(fig. 2, p. 84). It comprises an area of about 325 square miles, about 
half of which Ues in Converse County and the other half in Natrona 
County. (See PI. IV, p. 116.) 

In this area, as in many other imdeveloped oil fields, the first drill- 
ing has been done near surface indications and some distance from 
the locality most favorable, so far as structure is concerned, for an 
oil well. In 1912 the Wyoming Oil, Gas & Power Co. drilled two 
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shallow weHs in T. 33 N., R. 74 W., within a mile or so of an oil seep.' 
It is not surprising that oil in commercial quantities was not ob- 
tained in either of these wells in view of the fact that they were 
drilled into a monocline, where the dip of the rocks is uniform. Oil 
seeps are reported also near the southwest comer of the area shown 
on Plate IV and some drilling has been done near Caaper, but none 
of the wells have been producers. The most favorable place for oil 
in this area, and in the judgment of the writer the most favorable 
place within 50 miles of Douglas, is in the flat south of the Northwest- 
em Railway between Glenrock and Big Muddy Creek, near the north- 
central portion of the area. In this vicinity the atracture is favora- 
ble, and oil, if present at all, is probably about 2,500 feet below the 
surface. 
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In presenting this report the writer wishes to express his thanks 
for courtesies extended daring the progress of the field work by the 
people of Glenrock and by every ranchman with whom he came in 
contact. The writer is indebted to the members of his party, Messrs. 
J. B. Reeside, jr., Y. T. Wang, Frank Elliott, and Bernard Jackson, 
for assistance in the examination of the area. 

PURPOSE AND METHOD OP THE INVESTIGATION. 

The primary object of the investigation of this field was to ascer- 
tain the mineral resources, especially oil and coal, for the purpose of 
classifying the land by legal subdivisions into mineral land and non- 
mineral land. A secondary object and one closely connected with 
the first was to determine, as far as possible, the geologic structure, 
the various formations involved, and the conditions favorable for the 
accumulation of oil or gas. 

The field was mapped on a scale of 2 indies to the mile by means 
of a plane table and telescopic alidade, the township being the unit 
represented by each field sheet. A complete system of triangulation' 
was established covering the field, and the stations of this system 
served the purpose of both horizontal and vertical control and 
formed the means for tying the different plane-table sheets together. 
In beginning the primary control or triangulation a base line 12,800 
feet in length was measured with a steel tape along a straight stretch 
of the railroad, extending from the NE. J SE. J sec. 23, T. 33 N., 
R. 72 W., to the SW. } NE. } sec. 31, T. 33 N., R. 71 W. When the 
field work had advanced to the Big Muddy locality a second base Hne 
was measured as a means of checking locations. This second base 
line extended 14,340 feet along the straight stretch of railroad track 
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from the SE. i sec. 8 to the NE. i sec. 2, T. 33 N., R. 76 W., and is 
consequently near the center of the area here discuBsed. 

All the section comers that were found in the course of the field 
work were located on the map with respect to triangulation stations, 
and their locations are therefore correct in so far as the scale of the 
map and the methods of location would permit. No attempt was 
made to find all the section corners, but in each township a consid- 
erable number were found. Attitudes were determined throughout a 
large part of the area by means of vertical angles. Stadia traverses 
-were employed in conjunction with triangulation for mapping forma- 
tion boimdaries and similar purposes. Hie net shown on the map 
is based on section comers located in the field and supplemented by 
the General Land Office plats. 

TOPOGRAPHT. 

The area of the Big Muddy dome may be described in a general vr&j 
as a rolling prairie bordered on the south by a low range of mountains. 
In detail there are many variations from this type in the form of 
numerous ri<^es, table-Uke buttes, gentle slopes, and broad valleys. 
Several small streams, which emerge from the mountains through 
deep canyons, cross the area in flat-bottomed valleys and empty into 
North Platte River. The part of the field most favorable for oil accu- 
mulation lies in the broad shale valley of the North Platte, mainly in 
T. 33 N., R. 76 W, A rather prominent ridge borders the southeast 
side of this valley, separating it from Deer Creek valley. 

The elevation in the valley of North Platte River, the lowest part of 
the field, is about 5,000 feet above sea level, but the land rises toward 
the south until at the foot of the mountains it is about 6,000 feet 
above sea level. Thence to the summit of Casper Mountain, a hori- 
zontal distance of about 2 miles, the surface rises about 1,600 feet, or 
to 7,500 feet above sea level. 

Farming is carried on extensively in favorable locaUties, where 
alfalfa, timothy, and small grain are profitably raised by irrigation. 
The part of the area not under cultivation yields a good growth of 
grass, which aupphes perennial rai^e for stock. 

The rainfall is not sufficient to support a growth of timber, except 
scattered cottonwood and boxelder trees along the streams and a 
few scrubby pine and cedar trees on some of the rocky hills. How- 
ever, marketable pine timber grows in the moimtains to the south, 
especially on the high slopes of Casper Moimtain. 

Fuel tor domestic use consists, for the most part, of pine and cedar 
wood from the mountains and coal from Glenrock or Big Muddy 
mines. 

The several streams which rise in the mountains and flow across 
the field to North Platte River yield a good supply of fresh water for 
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domestic ttse. All these streams are fed by springs in the mountains 
and 30 maintain a fairly constant flow of water, which is utilized 
for irrigation in the broad bottom and on some of the bench lands. 
A much greater area might be irrigated if laige storage res^roirs 
were constructed. 

GEOLOGY. 

STRATiaRAPHT. 

SEQUENCE OF THE BOCKS. 

The rocks in the Ticinity of the Big Muddy dome include about 
10,000 feet of Paleozoic and Mesozoic formations, ranging in age from 
Carboniferous to late Cretaceous, and also some beds of Tertiary and 
Quaternary age. The Paleozoic rocks are not described in this paper. 

The following generalized section shows the character and thick- 
ness of the Mesozoic and later formations and their relations to each 
other: 
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JURASSIC BT8TEH. 
BVmABCX TOBHATIOKJ 

The Sundance formation outcrops locally in a narrow belt along 
the nofth and east sides of Caaper Mountain and along the north slope 
of the mountain rai^e immediately south of the field. It is litho- 
lo^cally similar to the overlying Morrison formation, each consisting 
predominantly of shale, in which there are intercalated beds of sand- 
stone and limestone. The Sundance is of marine origin and contains 
more limestone than the overlyii^ Morrison. No estimate of the 
thickness of the Sundance was obtained in this field, but the total 
thickness of this formaJ.ion and the Morrison in sec. 33, T. 32 N., R. 
78 W., is about 700 feet. 

JTTBASSIC OR CRETACEOUS STSTEM. 
MOSRISOV FOailATtOn.1 

The Morrison formation is poorly exposed in this field, being almost 
wholly concealed by talus from the overlying sandstone of the 
"Cleverly" formation. With the Sundance and "Qoverly" format 
lions it occupies a narrow belt along the southern part of the field 
as shown on the map (PI. IV, p. 116). 

The Morrkon formation consists of a bluish-^ay and maroon- 
colored shale interbedded with thin bands of limestone and sand- 
stone. No estimate of the thickness of the Morrison was obtained, 
but from a measurement in T. 31 N., R. 71 W., several miles to the 
east, it is estimated to be about 200 feet. 

CRETACEOUS STSTEH. 
"CL07BELT" POUCATtOn.i 

The "Cleverly" formation is exposed in a narrow belt aloi^ the 
north and east slopes of Casper Momitain and near the foot of the 
mountain range aloi^ the south side of this field. A section of the 
formation at the cast end of Casper Moimtain reveals about 140 feet 
of sandstone, conglomerate, and shale. The section in detail is as 
follows : 

Secliono/lM"Cloverly"/ormatUminSE.i»ee.ll, T.SiN.,R.76 W. 

FMt. 

Sandstone, brown and gray (gray on ftesh suriftce) 20 

Shale and sandstone (largely covered) 60 

Sandstone, gray, fine grained 10 

Concealed, probably shale... 5 

Sandstone, brown to gray, fine grained, sharp grit (gray on Ereah sur- 
face) 2B 

Conglomerate, brown and gray, pebbles generally one-aizteenth to 
one-half inch in diameter (about 100 feet north this conglomerate 

is 27 feet thick) 17 

■ Not ghmm on the map. 
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Only the more resistant members of the "Oloverly" are well ex- 
posed, the more shaly portion being in most places concealed. In this 
field the dip of the "Ctoverly" fonnation ranges from 12° to vertical, 
or the formation is slightly overturned, and its outcrop is in most 
places marked by a ht^back ridge. The lower part of the formation 
is locally conglomeratic. Loose blocks of the conglomerate cover 
slopes in places several hundred yards from the outcrop. The con- 
glomerate ranges in thickness from a few inches up to about 30 feet. 

In the vicinity of the Black Hills the formations between the Benton 
above and the Morrison below consist of Dakota sandstone, Fuson 
shale, and Lakota sandstone, the Dakota sandstone being of Upper 
Cretaceous and the others of Lower Cretaceous age. Westward from 
the Black Hills the Dakota is generally absent, and in the Bighorn 
Basin the beds occupying this interval are all supposedly of Lower 
Cretaceous age and have been named the "Cloverly" formation, but as 
there is some doubt about the validity of the term, it has generally 
been inclosed in cjuotation mar^. In the vicinity of Casper aad 
Douglas the Dakota has not been recognized and hence the term 
"Cloverly" is used in this report. 

BBBTOIT BHAU. 

The Benton shale consists of about 1,600 feet of dart and Tight 
colored shale with a thick sandstone 'member near the top. It lies 
directly upon the "Cloverly" formation and is followed above by the 
hard and chalky Niobrara shale. The Benton shale comprises a lower 
220 feet of dark soft shale overlain by about 175 feet of dark-bluish 
hard shale, the Mowry shale member, which weathers light bluish 
gray to yellowish and produces low ridges. Above* the Mowry shale 
is about 870 feet of dark soft shale which is overlain by 100 to 250 feet 
of gray to yellowish brown sandstone and shale, locally containing 
abundant fossils. Above the sandstone and below the Niobrara shale 
there is about 300 feet of dark shale similar to the dark shale in the 
lower part of the formations. 

Seelion of the Benton thaU in tee. i9, T. 33 JV., fl. 74 W. 

Fsst. 

Shale, dark 300 

SandBtone, ridge forming, foasiliferous Wall Creek eandBtone mem- 
ber 100 

Shale 867 

Shale, dark, weathering light blTiiahgray; yellowish gray in upper 

half, and locftUy forming pine-clad ridgea (Mowry ahale member), 175 

Clay (bestonite?), gray and yellow mottled, int«rbedded in darker 

clay. (One bed of the light day ia 8 inches thick) 3 

Shale, dark 215 

1,660 
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The fossiliferous saudstone of the Benton shale in the forgoing 
section appears to correspond with the Wall Creefc sandstone member 
of the Salt Creek field, as described by W^emami,* and for this reason 
the term Wall Creek is here tentatively applied. 

The Wall Creek sandstone member was measured at two localities 
farther west and at each was fomid to be over 100 feet thick. These 
sections are as follows: 

SectioTu of the Wall Creek mndilone member. 
IB MO. t, T. n v., X. n w. 

FNt. 

Saodstone, brown, thin-bedded, friable in lower half 75 

Sandstone, yellowiah gray, maasive, with large brown calcareoiis 
concretions, absut 6 feet in diameter 125 

200 
iMt bloil at BIc XBddr Onok In T. n v., K. 11 W. 

Sandstone, dark grayish, coarse grained, becoming rather maseive 

above and firm. Develops hi^back ridges wbere dip is steep. . 35+ 
Sandstone and shale, in alternating bands, the shale in bands not 
over li inches but the sandstone bands as much aa 4 incfaea thick. 
Upper half, bedded eandstone. (Sandstone is dark gray; shale 

isdarkwith carbonaceous material) 32 

Shale, dark, laminated 16 

Sandstone, gray, greenish tilled, friable, thin bedded 9 

Sandstone and dark shale in alternating layers from half an inch te 

3 inches thick, thickest bands near the top 27 

Shale, dark. 

119+ 

In T. 32 N., R. 78 W., east of Casper Mountain, there is a sand- 
stone bed in the Bentoa shale about 320 feet below the Wall Creek 
sandstone. This sandstone is 15 feet thick, hard in the upper half 
but massive and friable below. The upper part of this sandstone is 
ripple marked and contains the marine fossil plant Halymemtea majm- 
Lesquereux. 



The Benton shale is overlain by 100 to 650 feet of chalky shale, 
which contains a few marine fossils of the species Ostrea congeata 
(Conrad) and some fragments of an Inoceramus characteristic of the 
Niobrara shale. The outcrop of this shale is exposed in a narrow 
belt along the south side of the field and is shown on the map (Fl. IV) . 
The exposures of the shale are not continuous throughout this belt, 
but it appears at a sufficient number of places to justify the mapping. 
In T. 32 N., R. 77 W., there is 650 feet of shale exposed, the lower 
part of which is dark bluish gray and the upper part yellowish in 
color. Ostrea congesta was obtained froih the dark shale, but only 

1 W«g«iiiaiui, C. n., Th» Salt Creek (^ field, Natrona County, Wyo.: V. 8. Q«cd. Sacrt^ BdU. tfS, pp, 
87-ra, IMl. 
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fish scales from th« yellow upper part. The shale throughout is 
calcareous and ia characterized hy small specks of white chalk. The 
yellow shale portion is firmer than that below and contains some 
concretions of hard compact limestone about 10 inches in diameter. 



The Niobrara shale is overlain by about 3,210 feet of shale and 
sandstone, constituting the Pierre formation, which in this field is 
composed of five members. The lower member is a dark soft shale 
2,000 feet thick, containing some calcareous concretions bearing 
marine fossils. The next member is about 330 feet thick and com- 
posed of sandstone and shale with thin coal beds. This member 
appears to correspond in stratigraphic position to the Parkman sand- 
stone member as described by Wegemann.' In the description of 
the Pierre formation in the Douglas oil field the writer ' compared 
the section with that of the Salt Creek field but stated that "Further 
detailed work may prove also that the 150-foot sandstone, here re- 
ferred to the Parkman, is a much higher sandstone and the 300 ± feet 
of sandstone, referred to the Shannon sandstone lentil, is the Park- 
man member, the Shannon sandstone lentil being absent." In the 
Big Muddy dome the Shannon sandstone lentil does not appear. 

Above the Parkman sandstone there is another sandy shale 320 
feet thick, yielding marine Montana fossils. Above this shale there 
is another sandstone about 160 feet thick which contains carbonaceous 
shale and thin coal beds. This sandstone seems to agree in character 
and stratigraphic position with the sandstone described by Wege- 
mann* as forming the Little Pine Kidge east of the Salt Creek oil 
field. At the time Wegemann's report was published the geographic 
extent and the value of this sandstone as a key were not Imown, but 
the work of Mr. Hares west of Casper and of the writer east of that 
place has shown that this sandstone is probably the most easily 
identified member of the Pierre formation. On this account it seems 
desirable to map it and give it a name. Wegemann describes this 
member as forming Little Fine Ridge, a name given by him to an 
escarpment of sandstone next east of that formed by the Parkman 
sandstone member, but he did not apply the name to the bed. As 
the name Little Pine Ridge is cumbersome and as it is not in current 
use in the county, it is thought best to select another. Accordingly 
the name Teapot sandstone member is given to thb sandstone from 
the "Teapot Rock," a well-known topographic feature carved from 
this sandstone about half a mile east of the Casper-Salt Creek road. 

iWegMiiann.C.H., The Salt Creek oUfleld, Natrona County, Wyo. : U.S. Oeol, 8iin«y Bull. 1S1, pp. 
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The Teapot sandstone member consista of gray and buff sandstone, 
including some carbonaceous shale, which has a thickness of 50 feet 
in the type locality and 160 feet in the Big Muddy dome. Overlying 
the Teapot sandstone there is about 400 feet of dark soft shale with 
calcareous concretionary masses containing marine Montana fossils. 

rOX KILIS rOUATIOS. 

Overlying the 400 feet of dark soft shale forming the upper member 
of the Pierre formation there is about 860 feet of friable sandstone, 
sandy shale, and soft dark shale, some part, or all of which, represents 
the Fox Hills sandstone. Its section is as follows: 

Qeneraliged tutwn of the Fox EilU/ornatwn near Glenrodc. 

Feet. 

Sandstone, gray in upper halt, buS below 100 

Sbaleand eh&ly Mndatone and coalbeda 120 

Sandstone, gray and buff 70 

Shale 320 

le, Mable, and sandy sbale 250 



TEBTIABY ( i) SYSTEM. 
LAHCK rOUCATIOS. 

Rocks of the Lance formation outcrop in the eastern part of this 
field mostly north of the river, but there is also a small area south 
of the river in T. 33 N., Rs. 74 and 75 W. The Lanco formation, by 
a recent decision of the United States Geological Survey, has been 
provisionally classified as of Tertiary ( ?) age. It consists of friable 
sandstone, sandy and carbonaceous shales, and coal beds. It is not 
within the scope of this paper to describe the Lance formation in 
detail. 

TEBTIABY SYSTEM. 
WHTTX XIVXB FORIIATIOV. 

A small portion of the southeast comer of this field, as shown on 
the map (PI. IV), is covered with rocks belonging to the White River 
formation. This formation rests unconformably on older rocks and 
is composed largely of clay, though beds of fine sand, limestone, and 
conglomerate occur at different places in the formation. The total 
thickness in the area shown on the map is probably not over 200 feet, 
but farther east, in the Douglas oil field,* there is 580 feet exposed, 
and it is there believed by the author to have a total thickness of about 
1,000 feet. 

■ Baraett, v. H., The Douglas oil and gBs fiald, Conviirse County, Wyo.; U. B. Qocd.aurvor Bull.SU, 
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QUATBBNABT ST8TBH. 

AUuvium along the streams, some local beds of anconsoUdated 
gravelj and loose sand and sand dmies constitute the only beds of 
Quaternary age in the vicinity of the Big Muddy dome. North of 
the river the older rocks are lai^ely concealed by the covering of 
sand and sand dunes, as shown on the map (PI. IV). There are some 
terraces and hills capped with gravel, but only a few of these are 
mapped. 

IQNEOU8 "BOCES. 

Red granite, cut by basic dikes of different kinds, underlies the 
Paleozoic rocks in the southern part of the Big Muddy field and forms 
ihe core of the mountains. Only a small area of the granite is indi- 
cated on the map. There are doubtless other exposures in the deep 
canyons in the southern part of the field. 

STRTTCnntB. 

The Big Muddy dome is a slight arch of the strata extending over 
an area of about 72 square miles. It is elongated in a southwest- 
northeast direction, being about 8 miles across in this direction, but 
only about 3 nules from north to south. 

The general shape of the dome is indicated by the outcrop of the 
formations as shown on Plate IV. Unfortunately in this area the 
indurated rocks are badly concealed by alluvium along the river and 
its principal tributaries by sand dunes and gravel-covered terraces, 
and by the White Kiver formation, which consists of a heterogeneous 
mass of unconsolidated material that was laid down in a broad lake 
that once occupied this valley as well as a large area to the east. On 
account of this cover of soft material the outcrops of the underlying 
formations are difficult to follow on the map, but the broken lines 
indicate the probable location of the boundary lines beneath the sui^ 
face cover. 

Thus it will be seen that the anticline extends northeastward from 
ihe upward fold in the older rocks m sec. 12, T. 32 N., R. 78 "W. 
The axis of the fold descends gradually from that place to the south- 
east comer of T. 33 N., R. 77 W. Here the axis either dies out or 
turns to the north and the fold develops into an elongated dome, the 
axis of which extends through sees, 7, 8, 9, 3, 2, and 1, T. 33 N., 
R. 76 W. The magnitude of this dome is such as to bring to the 
surface that part of the Pierre formation which lies below the Park- 
man sandstone member. The outline of the dome is shown by the 
outcrop of the Teapot sandstone member, which dips steeply north- 
ward and crosses the southern part of T. 33 N., R. 75 W. This out- 
crop can be followed southwestward to sec. 31, T. 33 N., R. 76 W., 
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where it turns sharply back under cover and ia next seen in sec. 12 
of the same township. Here it passes around the point of the anti- 
cline and tten it extends westward along North Platte River, though 
concealed by alluvium, to sec. 5. West of this place the Teapot 
sandstone member makes a big swing across the river, indicating the 
presence of a local fold, and then it can be traced to the southwest, 
crossing Dry Muddy Creek in sees. 14 and 15, T. 33 N., R. 78 W. 
From this place it ^ends northwestward across the river and is last 
seen in sec. 31, T. 34 N., R. 78 W. 

From the axis of the dome in T. 33 N., R. 76 W., the rocks dip in 
all directions, but toward the southwest the dip is very light, ranging 
from 1° to 3°. In other directions the dip may be easily read with 
the clinometer. On the north edge of the dome the rocks dip from 
10" to 38°, on the east and southeast from 2" to 1 1 ", and on the west 
from 1° to 17° away from the central portion. Most of these dips 
were obtained by clinometer readings, but some were determined by 
the three-point method, that is, three stadia locations with relative 
elevations were obtained on a coal bed or some other mappable stra- 
tum, and from these data the direction and amount of dip were cal- 
culated. The outline of the dome on the north and northwest is 
rather indefinite on account of the mantle of wind-blown sand. 

Near the south side of the Big Muddy field there is a syncline whose 
axis extends in arathersiQuouscouiseforadistanceof about IS miles 
(see PI. IV) from a point near the east end of Big Muddy Mountain in a 
general northeasterly direction to sec. 31, T. 33 N., R. 76 W., where it 
bends toward the east, crossing Deer Creek, then bends back toward 
the northeast again, and finally dies out near the center of T. 33 N., 
R. 75 W. This syncline is here designated the Deer Creek syncline, 
because it is best developed in the vicinity of Deer Creek. The dipa 
of ihe rocks in the eastern half of the syncline on the north side of the 
axis are from 5° to 7° S., but on the south side of the axis the dips are 
from 5° to vertical, or the rocks are slightly overturned toward the 
north. In the western half of the axis the syncline ia rather obscure. 

There are several lai^e faults in the edge of the mountains along 
the south side of this field. As stated by Darton,^ there is a big 
fault along the norUi face of Casper Mountain. Other more or less 
extensive faults also occur in this part of the field, but they are too far 
from the Big Muddy dome to have any direct bearing on the presence 
or absence of oil and for this reason they are given no further con- 
. sideration. 

There is, however, a small fault in sec. 1, T. 33 N., R. 76 W., which 
strikes directly toward the north edge of the Big Muddy dome. The 
evidence at hand is not sufficient to prove whether or not this fault 

1 Darlon, N. H., PnUmlnaiy rsport oa tbe graloRr and underKroond wstoT naounxe irf the ombal 
Onat FlalOE C 8. Owd. Surva; Piol. FBper 33, pp. G3-«£, 1005. 
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extends beyond the limits indicated on the map (PL TV), but it 
appears to be of little importance. A maximum dip of 46° was 
measured near the Lockett mine, which is ia the line of stiilffi of the 
fault. 

PROBABILITIES OF Oil. OB OA8. 

In the Salt Creek oil field the Wall Creek Bandstone is the chief 
oil sand, and contains a better grade of oil than any of the other sands 
of that field. This sandstone doubtless underlies the Big Muddy 
dome, as its outcrop was traversed along the entire south border of 
the field, as shown on the map (H. IV). It should be readied by 
drilling near the crest of the dome on the broad shale flat between 
Glenrock and Big Muddy at a depth of about 2,500 feet, but whether 
it contains oil or whether it is "dry" can be learned only by the use of 
the drill. The presence of oil in the dome will, of course, primarily 
depend upon whether or not the rocks in this field contain oil ; if they 
do, it will probably be found in this dome, but its position in the dome 
wiH depend upon the quantity of water carried by the Wall Creek 
sandstone. If it is saturated to such an extent that the water extends 
upward above the crest of the dome, then the oil should be found in 
the crest, as it has been found at Salt Creek, but if the upper limit of 
saturation does not reach to the crest, then the oil, if it is present, will 
be found immediately above the upper limit of the water. 

It must be clearly understood that the United States Geological 
Survey has no means of knowing whether oil ia present in this dome or 
not, but it does maintain that if oil is contained in these rocks the 
chances are decidedly in favor of its having accumulated at some place 
in the dome. If a test at the highest point should show only water, 
then it is probably useless to test further, but if a test in the top 
should reveal dry rock or gas, then it might be possible to find oil 
lower down in the fiank of the fold. 
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GEOLOGY AND OIL PROSPECTS IN WALTHAM, PRIEST, 
BITTEBWATEK, AND PEACHTEEE VALLEYS, CALI- 
FORNIA. 



By BoBEBT W. Pack and Walter A. Enoush. 



INTRODUCTION. 

In the inTestigation of the California oil fields made by the 
United Stat«s Geological Survey during the last 14 years the areas 
outside of the productive fields have received special attention, with 
the view to aiding the prospector by determining, so far as may be 
possible from a study of the surface alone, the areas in which oil 
would be most likely to occur. One of the regions in which it 
seemed that such Investigation would be best repaid is the foothill 
belt on the west side of San Joaquin Valley near the Coalinga oil 
field. The Coalinga field, although one of the most productive in 
California, occupies a relativdy small part of this foothill belt, and 
to casual observers there seems to be no good reason why oil should 
not be found in other parts of the foothill region and even in the 
mountainous region farther west, which is underlain in part by many 
of the formations that underlie the productive Coalinga field. In 
order to estimate the probable value of the foothills as oil-producing 
territory, the areas both north ^ and south ^ of Coalinga along the 
border of the valley were examined, and the conclusions reached 
are given in reports already published. The mountainous region 
farther west, which seemed less promising, has until recently re- 
ceived scant attention, but during part of the summer and fall of 
1913 an area extending from the western border of the Coalinga 
field across the Diablo Range to the low foothills on the east side 
of Salinas Valley was examined. The present report gives the 
results obtained in this examination. The immediate reason for 
the investigation was the need of geologic data for the classification 

1 AnderaoD, Bobert, Preliminary report on the seoloBT Bad o[l prospecta of the CutaB- 
ranoche region, California ; U. 8. Geol. Soryey Bull. 431, pp. 58-87, 1911. Andersan, 
Robert, and Pack, E. W., Geology and oU reBoarcea of the western border of the Saa 
Joaqnin Valley; Cal. : C. S. Geol. Snrvey Boll. 803 <ln preparation). 

•Arnold, Ralph, and Anderson, Robert, Geology and oil resources of tlie Coalinga dis- 
trict, Califomlfl : D, B. OeoL Soivey Ball. 398, 1910. 
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of the public land in the area that had heen withdrawn from all 
forms of entry because of its possible value as oil land. As a result 
of the examination large areas of unappropriated public land have 
been restored to entry. 

The chief conclusion reached regarding the occurrence of oil is 
that most of the re^tm shotm (m the map does not offer reasonable 
pnHnise of yielding petroleum and that much of it is certainly bar- 
ren of oiL Id general, the conditions that make it impossible to 
conaid^ a large part of the region a prospective oil field are the 
lack of a sufficient amount of material that might reasonably be 
considered an original source of petroleum and the absence of a 
structure which would aid in the ccracentration of such petroleum as 
may occur in minute quantities throughout the rocks. In much of 
the region the Franciscan formation, of probable Jurassic age, 
which lies stratigraphically helow any known oil-bearing beds in 
the Coast Itanges, either appears at the surface or is overlain by only 
a thin veneer of Tertiary rocks. Moreover, where Tertiary rocks 
occur they are usually closely folded and faulted and do not offer the 
same opportunity for the accumulation of oil as the broadly folded 
strata along the foothiLls. In parts of the region oil sands evidently 
occur beneath the surface, but in no part does it seem probable that 
any very extensive oil field awaits development. The most promis- 
ing areas, which lie mainly along the western boundary of the 
region shown on Uie map, and also other areas in which the pos- 
sibility that oil occurs is more slight are discussed under the heading 
"Local areas" (pp. 139-152). 

The geology of the region is described briefly, stress being laid 
chiefly upon features that are believed to have scane bearing on the 
occurrence of petroleum. Of necessity, therefore, it is impossible 
to discuss here many interesting geologic features that were brought 
out in the course of the work, such as the accurate correlation of 
the various formations with those of other regions and the intricate 
structure along the San Andreas fault Moreover, in parts of the 
region, especially in the vicinity of the San Andreas fault, the 
structure is so complex and the distribution of the formations is 
so irregular that much of the detail brought out in the field work 
can not be shown, so that many generalizations have been made 
in depicting the areal geology on a black and white map of the scale 
of that accompanying this report. In order to show more clearly 
the relation between the geology in parts of this re^on and that 
about Coalinga, the areal geology of a small portion of the district 
described in the Coalinga report* is reproduced on the map (PI. V). 

f the CoBllnga dis- 
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J. D. Northrop was a member of the field party during the later 
part of the season, and many of the facts here recorded are taken 
from his notes. 

The writers take pleasure in acknowledging their grateful ap- 
preciation of the courtesies extended to them by the officers of the 
oil companies in furnishing data regarding the wells and by the 
inhabitants of the region on whose hospitality they had largely t» 
depend in the study of a region so sparsely settled. Special acknowl- 
edgment is due to E. A. Starke, of the Standard Oil Co., and to 
G. C. Gester, geologist for the Kern Trading & Oil Co. 

Before this investigation was undertaken very little work had been 
done on the geology of the area, almost the only published accounts 
dealing with it being the brief note hj Kldridge on the asphalt 
deposit near Lonoak* and incidental mention of various general 
features in a paper by Homer Hamlin on the water resource of 
Salinas Valley.* Besides these accoimts a few unpublished notes by 
Eldridge and Hamlin have heea available. 

OSOOAAPHT. 

The area studied in detail and shown on the map lies about 140 
miles southeast of San Francisco and forms a strip 40 miles long and 
11 to 14 miles wide, extending northwest and southeast diagonally 
across the Diablo Range. It includes about 500 square miles in the 
southern parts of Fresno and San Benito coimties and in the eastern 
part of Monterey County. Coalinga, at the eastern end of the area, 
is the terminus of a branch of the valley line of the Southern Pacific 
Co. From Coalinga one of the main wagon roads through the 
Diablo Range leads up Waltham Valley to Priest Valley and thence 
down the valleys of Lewis and San Lorenzo creeks to King City, in 
Salinas Valley. A branch road leaving the main road above Alcalde 
Canyon leads south across Jacalitos Creek to Parkfield, and other 
branch roads pass through Peachtree Valley to the Stone Canyon coal 
mine and up Bitterwater VaUey to the valley of San Benito River. 
A 6-inch pipe line, owned by the Associated Oil & Transportation 
Co., passes through Waltham, Priest, Lewis Creek, and Bitterwater 
valleys, and through it oil is pumped from Coalinga to Monterey. 

The eastern edge of this belt includes Pleasant VaUey, which lies 
in the foothills that border San Joaquin Valley, at an elevation of 
about 650 feet above the sea. The southwestern part of the area 
mapped includes the low hills that border Salinas Valley, which has 

■ Hlariage, G. H., The flaphalt and hltumlnoui rw\ depiwlts of the United States : V. S. 
Geol. Surrer Twenty-Becond Ann.. Kept., pt. 1, pp. 407-410, 1601. 

■ HamllD, Homer, Witer resonrcei of Salliiaa TalUr, CbL : TI. B. OmI. Borrey Wkter- 
Bui^ly Paper 88, 91 pp., 12 pU., 1904. 
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an elevation of about 400 feet and lies 6 to 10 miles to the southwest. 
Between these two foothill belts the mountainous part of the Diablo 
Range rises gradually to altitudes of over 4,000 feet. The culminat- 
ing points in this part of the range are Hepsedam, which stands 4,496 
feet above tiie sea; Center Peak, 4^9 feet; and Smith Mountain, 
8^7 feet 

Here as elsewhere the range is an almost perfect reflection of the 
structure. It is not composed of a single ridge but of a number of 
somewhat brokoi parallel ridges that separate relativel; narrow 
valleys. These ridges trend obliquely to the course of the main range 
and are determined by pronounced folds or faults. Parts at two such 
ridges lie in the area ^own on the map. One extends from Smith 
Mountain northwestward to and beyond Charley Mountain and sepa- 
rates Waltham and Priest valleys from Peachtree Valley and Slack 
Canyon. The other extends from Sherman Peak through Center Peak 
to a point north of Hepsedam and separates Bitterwater, Priest, and 
Waltham valleys from the drainage basins of Los Gatos Creek and 
San Benito River. The divide which separates the waters that drain 
into Salinas Valley from those that empty into San Joaquin Valley 
and which may therefore be considered the crest of the Diablo Range 
cuts directly across these ridges. Priest and Chariey valleys are two 
small faulted synclinal valleys that lie practically at the crest of the 
range. Both lie in the Salinas drainage basin, but both are being 
rapidly cut away by streams of high gradient that drain eastward 
into San Joaquin Valley. 

The climate is dry and hot in summer, particularly chi the eastern 
slope of the range, A few of the larger streams carry water through- 
out the year, but most of them are intermittent, and nearly all the 
water contains sufficnent salts to make it unpalatable. A few of the 
springs, however, particularly those in the Franciscan formatiwi 
and in the coarse conglomerate of the Cretaceous, furnish excellent 
water. In order to obtain boiler water for the pumping stations 
along the pipe line of the Associated Oil & Transportation Co., 
several of the better springs have been developed and the water 
piped for many miles. The main supply conies from a number of 
springs near Hepsedam which furnish the water for two stations on 
Lewis Creek and one at the head of Bitterwater Valley. 

The plains and lower hills are bare except for a sparse growth of 
sagebrush and short grass. The mountainous part is more or less 
covered by chaparral, but the growth is rarely thick enough to be 
impassable. A light growth of small pine and manzanita is common 
on the outcrops of diatwnaceous shale, and oaks are scattered 
throughout the region. 

The amount of level ground suitable for agriculture is small, and 
tiie coimtry is used generally as a cattle range, for despite the dry 
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climate there is a good growth of grass in wet seasons. In Bitter- 
water, Priest, and Peachtree valleys and in some of the small valleys 
tributary to Salinas Valley several thousand acres are dry farmed ; 
and on San Lorenzo Creek, both near Lonoak and just west of the 
area shown on the map, small areas of alfalfa are under irrigation. 

GEOLOGY. 

DIBTBIBTmON AND OENEBAI. BELATIONS OP THE BOCKS. 

The area shown on the map (PI. V) , forming a narrow belt that 
extends across the Diablo Range, does not present a single type of 
structure but is divided by the San Andreas fault into two parts, 
which are so distinct, both structurally and stratigraphicallyj that 
they may almost be regarded as distinct geologic provinces. The 
difference in the stratigraphio section exposed in the two parts of the 
region may be seen by comparing the two columnar sections (figs. 3 
and 4). Southwest of the fault are the foothills that border Salinas 
Valley, and northeast of it is the main Diablo Range. This range 
may also be considered as composed of two parts— the central 
mountain mass, an area of many short irregular folds and faults, 
and the eastern foothills, an area in which the rocks are flexed into 
a few broad folds. This separation is indefinite, however, as the 
structure becomes gradually more complex westward from the edge 
of San Joaquin Valley toward the mountains, and a sharp line of 
division, such as that of the San Andreas fault, is nowhere apparent. 
On the southwest side of this fault much or probably all of the 
region is underlain at no great depth by granitic rocks. These 
rocks are exposed only in small areas in the northwest comer of the 
region mapped, but farther north they appear at the surface for 
about 40 miles and form the Gabilan Kange. Resting upon the 
eroded surface of this granitic mass are late Tertiary sand, clay, and 
diatomaceous shale. These beds, although tilted to low angles wh<«e 
direction of dip is somewhat irregular, disclose few well-marked 
folds. The lower part of these late Tertiary beds is believed to be 
the equivalent of the Santa Margarita formation (middle Miocene), 
which is typically developed in the upper end of SaUnas Valley, 
some 40 miles to the south. Their upper part, represented mainly 
by relatively thin deposits of gravel and clay on the flat-topped 
ridges, is correlated with the Tulare formation (Pliocene). 
, Northeast of the San Andreas fault granite does not appear, and 
the oldest rocks are those of the Franciscan formation (Jurassic?). 
As mapped, this formation comprises a rather heterogeneous mass of 
more or less altered sedimentary rocks and various igneous rocks that 
are intruded into them. Strictly speaking the igneous rocks are not 
a part of the Franciscan, but for convenience in the present discussion 
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the two are Tepreseiit«d on the map and discussed together. Resting 
unconfonnably upon the Franciscan formation are dark clay shale, 
f^andstone, and coarse conglomerate which represent both Lower and 
Upper Cretaceous. Eocene and Oligocene rocks are absent west of 
the Coalinga district, and the Vaqueros formation (lower Miocene) 
rests upon the Cretaceous or older rocks with marked unconformity. 
The Vaqueros fonnation is in turn overlain unconfonnably by a 
body of diatomaceous shale, whose equivalent was termed the Santa 
Margarita ( ?) formation ' in the Coalinga report. For convenience, 
and also to show its equivalence to the shale in the region south of 
Coalinga, the same name is used here. The later Tertiary rocks, 
'which overlie the Santa Margarita ( ?) fonnation with probable un- 
conformity, comprise a great mass of clay shale, brownish and bluish 
sandstone, and conglomerate. The lower part tSt this series of beds 
is the equivalent of the Jacalitos and Etchegoin formations, which 
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occur ^ong the foothills near Coalinga; the upper part, which is 
distinguished from the lower by its abundant pebbles of diatomaceous 
shale, is the equivalent of the Tulare formation (Pliocene) of the 
Coalinga district and the area farther east. 

In mapping the area between the San Andreas fault and the 
Coalinga district the formations younger than the Vaqueros and 
older than the Tulare were grouped into two divisions. The lower 
division embraces the diatomaceous shale that was described in the 
Coalinga report as the Santa Margarita (?) formation; and the upper 
division, which is termed the upper Miocene, comprises the Jacalitos 
and Etchegoin formations. The grouping of the formations into 
these map units has been adopted in order that the areal distribution 
of the diatomaceous shale might be shown, as it has a bearing on the 
possible occurrence of oil. 

In the area west of the San Andreas fault the diatomaceous shale 
■ is so irregularly distributed that no attempt has been made to show it 

' U. 8. Geo). Survey Bull. 3B8, p. 88. 1910. 
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separately on the map. It has therefore been grouped with the over- 
tying fossiliferous sands, which are regarded as the equivalent of the 
typical Santa Margarita and which are shown on the map as part 
of the upper Miocene. 

aiiAinnc bocks. 

Granitic and associated schistose rocks are exposed in the western 
part of the region in smalt areas from which the overlying Tertiary 
beds have been eroded and along the San Andreas fault zone, where a 
small block of granite is faulted up against the late Tertiary. These 
rocks form part of a mass upon which the Tertiary beds rest in much 
or possibly all of the Salinas Valley. Granite rocks, evidently part 
of this same mass, outcrop in extensive areas in ihe Gabilan Range^ 
whose south end lies about 10 miles west of Bitterwater Valley, and 
also in the Santa Lucia Range, on the west side of Salinas Valley. 
The granitic and associated schistose rocks in the Santa Lucia Range 
have been termed by Willis' the Coast complex. The age of the 
granite is not definitely known, but many geologists who have worked 
in the Coast Ranges believe that it is the equivalent of the granite in 
the Sierra Nevada and it is presumably of Jurassic age. In the area 
mapped the granite is in contact only with late Tertiary sedimentary 
beds which have been deposited upon it. 

JUBASSIC (F) STSTEH. 
FEANCISCAN FORMATION. 

The oldest sedimentary rocks in this part of the Diablo Range are 
th<»e which occur in irregular areas in the central part of the range 
and which are mapped as the Franciscan formation. These rocks are 
of a variety of lithologic types, ranging from relatively little altered 
arkosic sandstone and shale to different kinds of schist, of which 
bluish glaucophane schist is prominent. Probably the type of rock 
that appears most abundantly is a very arkosic sandstone, much 
fractured and seamed with calcite. Small masses of gray limestone 
occur sparingly, but thin-bedded reddish and greenish chert is 
abundant and weathers characteristically to prominent ragged out- 
crops. These sedimentary rocks are intruded by various igneous 
rocks, mainly of rather basic character, which are largely altered to 
serpentine, although locally the intrusive rocks are fairly fresh and 
unaltered. The relatively unaltered character of the rocks is par- 
ticularly noticeable near Hepsedam, where there is a considerable 
area of rather coarse textured, little altered granitoid rock, com- 
posed predominantly of hornblende and feldspar. The intrusive 
rocks, although clearly younger than the sedimentary beds and not a 

■WlUlB, Bailer, Gtwl- Roc. America Boll., vol. 11, p. 418, ITOO. 
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part of the Franciscan, have been grouped with them in the mapping 
as the Franciscan formation. 

The granitic rocks and the Franciscan formation are nowhere in 
contact in this region and definite evidence regarding their relations 
can not he offered. However, Fairbanks ' has described the Fran- 
ciscan rocks as resting unconf ormably upon the eroded surface of the 
" Coast complex " at Slates Springs, on the west side of the Santa 
Lucia Eange. As the various exposures of granite appearing about 
Salinas Valley are believed to be parts of one mass, the Franciscan 
rocks in the Diablo Range must be considered younger than the 
granite exposed west of the San Andreas fault. The Lower Creta- 
ceous (Shasta series) is evidently unconformable upon the Fran- 
ciscan. It shows fewer fractures and none of the results of meta- 
morphism which the Franciscan rocks exhibit, and in most of the 
region it may be differentiated readily from the older rocks. Along 
the San Andreas fault zone, however, the two formations are so frac- 
tured and intermingled that in the absence of fossils in the younger 
they appear to be indistinguishable. 

0BETACB0T7S STSTKU. 

Overlying the Franciscan formation unconformably is a succes- 
sion of beds of dark clay shale, arkosic sandstone, and conglomerate, 
which, in the area mapped, have an aggregate thickness of over 
ld,000 feet. This succession of strata embraces both the Shasta 
series (Lower Cretaceous) and the Chico formation (Upper Cre- 
taceous). Farther north, along the east flank of the Diablo Range, 
about 12 miles north of Coalinga, Cretaceous beds having a total 
thickness of at least 6,900 feet overlie the youngest Cretaceous beds 
exposed in the area shown on Plate V, giving a thickness of approxi- 
mately 26,900 feet for the Cretaceous section in the southern part 
of the Diablo Range. In many places the Cretaceous beds, espe- 
cially those belonging to the Shasta series, resemble somewhat the 
sedimentary beds in the Franciscan formation. The two terranes 
are evidently unconformable, however, for the Franciscan is much 
folded, faulted, and locally metamorphosed and is intruded by a 
multitude of igneous rocks, whereas even the lowest beds of the 
Shasta are much less fractured, are unmetamorphosed, and in this 
region are intruded by few if any igneous rocks. The unconformity 
between the youngest Cretaceous formation in this region and the 
oldest Tertiary in contact with it is clearly shown by the absence of 
many thousand feet of beds in* the Upper Cretaceous and early Ter- 
tiary which are exposed ia hills north of Coalinga. 
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The CretftceouB Bection is best developed on the north side of 
Waltham Valley, where alternating beds of clay shale, arkosic sand- 
stone, and conglomerate of variable thickness form a northward- 
dipping monocline. In the report on the geology of the Ooalinga 
district the Cretaceous rocks were described as embracing three divi- 
siona, an upper, middle, and lower, the last two of which are well 
developed in the region described 'in the present report. (See 
PI. v.) The line of separation between these two is the base of a 
massive conglomerate which outcrops near the crest of Juniper 
Ridge. The lower division, which is exposed southwest of that 
ridge, is about 14,900 feet thick. Although the lithologic changes 
in most of this division are so numerous both vertically and along the 
strike that it is difficult to separate it into well-de6ned members, it 
may for convenience be described as being composed of two parts. 
The lower part embraces about 3,500 feet of a dark-gray clay shale 
that weathers to light greenish gray, interstratified with sandy shale 
and numerous thin beds of fine-grained iron-gray quartzitic sand- 
stone. This part is best exposed southwest of Center Peak, where it 
rests, apparently in unfaulted contact, upon the Franciscan,' The 
upper part comprises about 11,400 feet of interstratified clay shale 
like that in the lower part, sandy shale, massive sandstone, and con- 
glomerate. The conglomerate, whose presence distinguishes the 
upper from the lower part of the division, is lenticular, in places 
reaching a thickness of about 1,200 feet and in places thinning and 
grading laterally into sandstone. The pebbles are well rounded and 
the largest measure about 8 inches in diameter. They are composed 
of quartzite, dark-colored porphyritic rock, and granitic rock 
and are embedded in a matrix of dark-greenish sandstone that 
weathers reddish brown. Between Waltham Valley and Los Gratos 
Creek the upper part of the lower division contains two prominent 
lenses of conglomerate. The lower lens, which has a maximum thick- 
ness of about 1,200 feet, forms the crest of Center Peak, from which 
it extends southeastward as a prominent ridge that trends nearly 
parallel to Juniper Eidge, on the west side of the canyon in which 
Fresno Hot Springs is situated. About 2,500 feet above this con- 
glomerate and separated from it by interstratified clay shale and sand- 
stone is another lens of coarse material which forms the ridge east of 
Fresno Hot Springs. Between this conglomerate and that which 
forms the base of the middle division are sandy shale and sandstone. 

The middle division includes the conglomerate exposed along 
Juniper Eidge and a succession of clay shales and sandy shales that 

> OwlnE to eiTorB la tbe preparatloD of the mop tbe Ctandacan rocka In this area are 
ihown aa tbo Saota Macsarits. (?) farmatlton, and in the seologlc section on tbe map 
tbe two parts ot the lower division of the Cietaceous s^atem are termed the lower and 
middle dlvlBlona, and tbe middle dlTlsion U termed the uppo' dlvlMoii. 
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overlie it. Id the report on the Coalinga district ' the thickness of 
this division exposed on Alcalde Creek is given as 4,800 feet. This 
division of the Cretaceous is exposed also north of Coalinga, where, 
on the east flank of the Coalinga anticline northeast of the Joaquin 
Bocks, it is overlain by about 5,300 feet of massive concretionary 
sandstone and dark clay shale, upon which rest abont 1,600 feet of 
shale filled with the remains of diatoms and foraminifers. These two 
last-mentioned members constitute what was described in the Coalinga 
report as the " upper member of the Knoxville-Chico rocks." 

About 1,500 feet above the base of the lower division were found 
abundant specimens of Auoella craaaicollis (?), a fossil typical of 
the Lower Cretaceou& As there appears to be no marked lithologic 
or stratigraphic break in the lower 3,500 feet of the Cretaceous sec- 
tion — that is, up to the conglomerate that separates the two parts of 
the lower division — it seems probable that aU of this part of the lower 
division is of Lower Cretaceous age. Upper Cretaceous fossils have 
been found in the middle of the three divisions northeast of Juniper 
Bidge, and the conglomerate at the base of that division was de- 
scribed in the Coalinga report as the probable base of the tipper Cre- 
taceous. Only two foesils have yet been found in the upper part of 
the lower diviaon. These, which were found near the top of the 
conglomerate that separates the two parts of the lower division, 
although not diagnostic, suggest Upper Cretaceous rather than Lower 
Cretaceous age, so that the line between the Shasta and Chico may 
occur at the base of the conglomerate that extends southeastward 
from Center Peak, instead of at the base of the conglomerate that 
appears at the base of the upper division along Juniper Bidge, as 
was suggested in the report on the Coalinga district.^ 

The Cretaceous near Jacaiitos Creek and along the San Andreas 
fault zone consists largely of dark clay shale of Lower Cretaceous 
age, in vi\\.ic\i Aucella erasaicollis (?) is fairly" abundant. Only a few 
of the areas of Cretaceous that occur along the south side of Waltham 
and Lewis creeks have been shown, many small areas having been 
grouped in the mapping with the Franciscan. 

Upper Cretaraous rocks are unknown south of Waltham Valley 
within the boundary of the area shown on Plate V, Bocks of that age 
occur, however, in a small area at the crest of the Diablo Bange about 
a mile north of the Stone Canyon coal mine. 

TEBTIAST STSTEH. 

EOCENE AND OLIOOCENE (?) SERIES. 

Early Tertiary rocks are but sparingly represented in the area 
mapped, outcropping only in a narrow belt some 3 miles in length 
il renonrces of the Coattnga dlB- 
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in the foothills west of Coalinga. Xear the Sao Joaquin Valley coal 
mine these beds, which were mapped as the Tejon formation in the 
report on the Coalinga district* but which include probable Oligo- 
cene as well as true Tejon, rest unconformable upon the Cretaceous 
and are overlain unconformably by the Vaqueros formation. The 
beds consist of about 200 feet of whitish gypsiferous and carbona- 
ceous Eocene sandstone (the true Tejon) overlain by white diatoma- 
ceous and foraminiferal shale of probable Oligocene age. These 
beds outcrop for many miles to the north in the foothills bordering 
San Joaquin Valley, where the shale is at least 1,000 feet thick. 
They also continue to the south, probably underlying much of the 
area where late Tertiary rocks appear at the surface south of Coa- 
linga, and outcrop along the flank of Reef Ridge, southeast of the 
area shown on the map (PI. V). The Oligocene ()) diatomaceous 
shale overlying the Tejon formation (Eocene) is of economic im- 
portance, as it is probably the ultimate source of most of the petro- 
leum in the Coalinga fleld. 

MIOCENE SEBIES. 
VAQUCBOB rOBHATIOI* (I.OWEB UIOCETIB). 

The oldest Tertiary formation that has any considerable areal dis- 
tribution in the region mapped is the Vaqueros formation, which is 
composed mainly of massive sandstone that contains a good marine 
fauna of lower Miocene age. It outcrops in the foothills west of 
Coalinga ; in irregular areas in the mountainous part of the range, 
mainly south of Waltham and Priest valleys; and in a narrow 
belt, about a mile in length, northeast of Priest Valley. It doubt- 
less occurs also beneath the later Tertiary formations in parts of 
Waltham and Priest valleys, but its extent there is a matter of con- 
jecture. Lower Miocene rocks do not outcrop west of the San 
Andreas fault within the area shown on Plate V. The Vaqueros 
occurs, however, in a narrow fault block within the San Andreas 
fault zone southwest of the Stone Canyon mine, and farther south- 
east in the Parkfield region it is reported by Eldridge * on the south- 
west side of the fault zone. 

In the foothills west of Coalinga this formation overlaps uncon- 
f ormably the Oligocene (!) diatomaceous shale, and elsewhere in 
the area mapped it rests with marked unconformity upon either the 
Franciscan or the Cretaceous rocks. Resting unconformably upon 
the Vaqueros is a body of diatomaceous shale that is mapped as the 
Santa Margarita (?) formation. The unconformity between these 
formations is well shown in the central part of the range by the 
irregular way in which the Santa Margarita (?) overlaps the Va- 
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queros. The relationship is most clearly shovn on the west fflde of 
Deep Well Canyon, where the two formations show b discordance in 
dip of OTer 20'^ and the basal sandstone of the Santa Margarita (1) 
lies on the eroded edges of the Vaqueros. The unconformity is 
also indicated in the syncline north of Smith Mountain, where the 
line along which the Vaqueros is folded is offset from that along 
which the Santa Margarita ( is folded. 

Neither the lithology nor the thickness of the Vaqueros is con- 
stant, and although the variation in thickness is partly due to ero< 
sion subsequent to deposition and the removal of the upper part of 
the formation, it is also partly due to the fact that the formation 
was laid down upon a very irregular surface and that in consequence 
the lowest beds were not everywhere deposited. 

The Vaqueros is probably most completely exposed near the crest 
of the range southeast of Smith Mountain, where it has a thickness 
of about 820 feet. The lower 200 feet or so is composed of car- 
bonaceous shale, containing beds of coal and a conglomerate and 
coarse sandstone, made up largely of fragments of Franciscan rocks. 
Above this is about 220 feet of very resistant calcareous sandstone 
that forms the crest of the castellated ridge of which Smith Moun- 
tain and Smith Pinnacles are parts. Overljring the calcareous sand- 
stone and forming the upper part of the Vaqueros are about 400 feet 
of alternating hard and soft sandstones. The more resistant beds 
weather out prominently and in places where the overlying softer 
beds have been stripped off form broad, bare dip slopes 400 feet or 
more in length. The presence of such resistant reef -like beds as 
these is one of the most characteristic features of the Vaqueros in 
the southern part of the Diablo Range. 

On Lewis Creek the Vaqueros contains a considerable amotmt of 
pinkish shale, probably diatomaceous, which is similar to that in the 
overlying Santa Margarita (?), and the two formations are sepa- 
rable with difficiilty. 

8AKTA JiABGABITAC ?) FOBMATIOR (KIDDU: MIOOBRE). 

Resting unconformably on the Vaqueros is a formation composed 
of 700 to 800 feet of purplish to gray diatomaceotis and clay shale 
which weathers to pinkish-white or chocolate-colored outcrops. 
This formation is practically continuous in outcrop and varies little 
in lithology from the north side of Lewis Creek to th6 southeast 
comer of the area shown on the map and for about 26 miles farther 
south along Reef Ridge. In the report on the geology and oil re- 
sources of the Coalinga region this shale was described as the prob- 
able equivalent of the Santa Margarita formation. In order to ehow 
its equivalraice to the shale south of Coalinga, the name Santa Mar- 
garita(?) is used in the present discussion. 

82083"-14 a , :„..db;, Google 
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Where the Santa MargariU(!) is best exposed the lower 15 to 40 
feet is a massive arkosic sandstone lithologically li^ that in the 
Vaqueros formation. Above this lower sandstone is from 200 to 800 
feet of bard and brittle diatomaceous clay shale which breaks with 
a splintery fracture and weathers pink or nearly white. The shale 
forms little or no soil and weathers to steep ridges and knobs which 
are recognizable at considerable distances by their chalky-white or 
pinkish color and by the light growth of pine and manzanita which 
they support. Toward the top the shale gradually becomes more 
clayey and grades into a dark-gray clay shale which weathers to 
platy chocolate-coiored fragments and forms a clay soil. This 
change does not seem to take place along an exact stratigraphic line, 
but from place to place one f acies increases in thickness at the expense 
of the other. No evidence of unconformity between the diatomaceous 
shale of the Santa Margarita{?) formation and the sandy beds of 
the upper Miocene was found, the line of contact being drawn at the 
horizon where the shale becomes sandy rather than clayey and 
weathers yellowish brown rather than purplish. 

UFPEB MIOCKSB FOBMATIONB. 

Digtrihution aTui character. — Numerous beds of sandstone, con- 
glomerate, and diatomaceous and clay shale that were deposited 
during the later part of the Miocene have been grouped together 
in the mapping as "chiefly upper Miocene." These beds occur on 
both the northeast and southwest sides of the San Andreas fault, 
but they are not precisely the same in character nor exactly equiva- 
lent stratigraphically in the two areas. Most if not all of the rocks 
thus mapped southwest of the fault are regarded as the equivalent 
of the Santa Margarita formation and therefore as of middle 
Miocene age. Those northeast of the fault constitute the westward 
continuation of the Jacalitos and Etchegoin formations (upper 
Miocene) in the Coalinga region and, in the lower part, embrace some 
beds of probable Santa Margarita (middle Miocene) age. The 
reasons for grouping the formations in this manner in the geologic 
mapping is explained in the general statement about the geology. 
(See p. 125.) The Jacalitos and Etchegoin formations are believed 
to be in the main younger than the true Santa Margarita, although 
the fauna contained in the lower part of what is mapped as upper 
Miocene in Waltham Canyon shows a close similarity to that of the 
true Santa Margarita. It should also be noted that the diatomaceous 
shale in the lower part of the beds mapped as upper Miocene west 
of the fault may be the correlative of the shale mapped as the Santa 
Margarita (?) formation east of the fault. A full discussion of the 
IMissible relationship of these formations can not be given here nor 
can a decision be reached until careful paleontologic study is made. 
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Area s<ntthwe$t of the San Andreas fault. — Between the San An- 
dreas fault and Salinas River the granite is overlain b; beds of shale 
and sandstone, which contain marine fossils characteristic of the 
Santa Margarita formation and which in the area mapped have a 
maximum thickness of about 3,300 feet. Near Lonoak the lower 
800 to 1,000 feet is composed largely of diatomaceous and clay shale 
which weathers to a light-pink or chocolate color and which contains 
relatively little interstratified sand, although the lower part is in 
some places somewhat sandy and in a few places, as at the asphalt 
quarry west of Lonoak, is a coarse arkosic grit This shale resembles 
closely the " chalky " shale of the Monterey group. It was described 
as Monterey shale by Eldridge,* but as the writers discovered in it 
fossils that are believed to be characteristic of the Santa Margarita 
formation, they have grouped it in the present report with the over- 
lying more sandy beds. Shale of this type has a somewhat local dis- 
tributioD in the area mapped, apparently grading along the strike 
into sandy shale and sandstone. Overlying the diatomaceous shale 
near Lonoak is about 1,100 feet of sandy ^lale, above which is about 
1,200 feet of sandy shale and flne-grained clayey sandstone con- 
taining thin beds of diatomaceous shale and of conglomeratic sand- 
stone filled with pebbles of white flinty shale. The interbedded shale 
in the upper 1,200 feet is very light colored and "chalky" and is 
perhaps partly volcanic ash. Although occurring in beds only a few 
feet thick^ interstratified with sandstone, it is almost free from 
coarse material. Marine fossils are abundant in the upper part of 
the formation, the large barnacle Tamioaoma gregaria being excep- 
tionally common in the uppermost 1,000 feet. 

Area northeast of the San Andreas favit. — Northeast of the San 
Andreas fault is a succession of beds of sandstone, sandy shale, and 
conglomerate, which in the hills west of Coalinga is separated into 
the Jacalitos and Etchegoin formations but which in the rest of the 
area is mapped with the upper Miocene. These beds rest upon tiie 
diatomaceous shale of the Santa Margarita (?) formation, into which 
they seem to grade, and the line of separation has been drawn arbi- 
trarily so that the predominantly shaly beds are included in the 
Santa Margarita (?) and the predominantly sandy beds in the upper 
Miocene. The line between the upper Miocene and the Tulare for- 
mation (Pliocene) is only a little more definite and has been drawn 
at the base of the beds which contain abundant pebbles of diatoma- 
ceous ^ale. 

In the upper part of Waltham Valley the upper Miocene beds have 
a maximum thickness of about 6,500 feet. The lower 500 to 600 
feet is mainly sandy shale that weathers yellow or brown and shaly 
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BandetfHie, above which is about 2,800 feet of buff, brown, and 
greeniah-yellow sandstone and shaly sandstone with a little coarse 
grit and conglcsnerate. Thin beds of white ash occur at irregular 
intervals in the upper 1,000 feet of this member, the most prominent 
being a bed 10 to 20 feet thick that occurs about 2,700 feet above the 
top of the Santa Margarita (^) formation. The buff sandstone 
grades upward into beds, less than 600 feet thick, of massive coarse- 
grained white and blue sandstone interbedded with fine sandstone. 
Above the blue sandstone is about 900 feet of brown sandstone and 
sandy and carbonaceous shales. In Priest Valley the upper 425 feet 
of this member contains lignitic sandy brown shale, in which occur 
beds of low-grade coal that have heea prospected at a few places. 
Above the carbonaceous beds massive gray and buff sandstone and 
clayey sands alternate for 1,500 feet up to the beds containing shale 
pebbles, which form the base of the Tulare. 

TUL&BE FOBBfATION (pLIOCBNE). 

The youngest formation in this region that has suffered marked 
deformation is composed of beds of rather poorly consolidated sand- 
stone, shale, and conglomerate, which were deposited either in lakes 
or subaerially. On account of similarity In lithologic character and 
in stratigraphic position this formation is correlated with the Tulare 
formation, which is typically exposed in the Coalinga region. In at 
least part of the Priest Valley region it lies unconformably upon the 
underlying upper Miocene formations just described, and throughout 
the region it is overlain with marked unconformity by the flat-lying 
Quaternary deposits. Beds correlated with the Tulare are exposed in 
three general areas — (1) in the Priest Valley syncline, (2) along the 
San Andreas fault zone, and (3) on the foothills west of Peachtree 
Valley, in the center of the Peachtree syncline, and northwest of the 
area mapped. 

In the southern part of Salinas Valley is the Paso Eobles for- 
mation, which consists in part of fresh-water beds similar in litho- 
logic character to the Tulare and probably of the same age, but work 
done near the type locality by Robert Anderson indicates that there 
is a lower marine member of the Paso Bobles, which is the repre- 
sentative of the Etchegoin formation of the Coalinga region, and for 
this reason the name Tulare is used for the purely fresh-water beds 
of the Priest Valley and neighboring regions. 

The lithology and thickness of the Tulare varies considerably in 
the different areas. In the Priest Valley syncline it comprises not 
less than 500 to 600 feet of incoherent light-colored, poorly sorted 
angular, distinctly arkosic sandstone and conglomerate. Pebbles 
of diatomaceons shale like that in the Santa Margarita ( ?) formation 
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northeast of the San Andreas fault and in tiie Monterey group west 
of the Salinas Valley are very common in the conglomerate. These 
beds weather to light-gray outcrops that contrast markedly with the 
brownish color that is characteristic of the upper Miocene. There is 
no sharp change in lithology between the upper Miocene and the 
Tulare, and the line of contact has been drawn at the base of the 
beds which contain abundant pebbles of diatomaceous shale. This 
gradual change in lithology and the lack of any structural evidence 
of interrupted sedimentation suggest that the formations are con- 
formable here. Also in much of Waltham and Priest valleys a 
fossiliferous zone containing characteristically Peoten coaliTigenaia, 
Pecten waitsi, and Thais etchegoiiieTiisis occurs at about the same 
stratigraphic distance below the base of the Tulare, suggesting that 
on unconformity, if present, does not represent an important interval 
of erosion. 

In the San Andreas fault zone the Tulare formation is composed 
of coarse arkose and shale pebble beds like those described above 
and in addition contains red and green clays, in which there are 
numerous beds of gypsum. The unconformity between the Tulare 
and the upper Miocene formations is shown by the presence of a con- 
glomerate near Alvarez Creek containing numerous bowlders of 
fossiliferous sandstone of upper Miocene age, the equivalent of the 
Jacalitos or Etchegoin formation. Southwest of the San Andreas 
fault the Tulare comprises a basal bed some 10 to 15 feet thick of 
indurated shale-pebble conglomerate, above which are incoherent 
gray sand and sandy clay, the total thickness being not over 150 or 
200 feet. 

QITATSBNABY SYSTEH. 

In Quaternary time the Priest Valley region was an area of erosion 
rather than of deposition, and it therefore contains no large Quater- 
nary deposits. The beds of the larger streams are covered with allu- 
vium, but this material is only a temporary deposit, formed in the 
course of its transportation beyond the area here described. South- 
west of the San Andreas fault alluvium seems to be collecting in the 
stream beds, and the alluvial deposits on the valley floors are rela- 
tively greater in that area than in the area northeast of the fault. 

, STBTICTTTIIE. 

The dominant structural feature in this part of the Diablo Range 
is the San Andreas fault, which trends diagonally across the region 
mapped, separating it into two parts, which exhibit two distinct 
types of structure. The dissimilarity in the stratigraphic record on 
opposite sides of the fault, or fault zone, as it might more properly 
be t«nned, shows that pronounced movements have taken place along 
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it since at least as far back as nuddle Miocene time. The moTe- 
ments along tlie line farther north, which caused the earthquake of 
April 18, 1906, were almost wholly horizontal, but the lack of the 
Franciscan, the Cretaceous, and the Vaqueros formation and the 
presence of granite at or close to the surface in the area west of the 
fault seem to indicate that there was once very considerable vertical 
movement along this general zone, the net result of which was an 
elevation of the mass lying west of the fault relative to that lying 
east of it. The fault zone varies in width from half a mile to a mile 
and is composed of a number of approximately parallel fractures, 
which separate long blocks of the various formations. The line 
shown on the map as the San Andreas fault is the fracture along 
which movement seems to have taken place most recently and which 
may be considered the active fault. This line is marked by numerous 
small sunken areas, some of which are occupied by lakes throughout 
the year and which are especially notable along the flat summit of 
Mustang Ridge. 

In the area west of the fault the granite has evidently furnished 
a foundation sufficiently rigid to prevent more than a minor amount 
of warping, and the Tertiary beds a short distance west of the fault 
zone are rarely tilted over 10° and in most places less than 5°, form- 
ing short and for the most part irregular folds or domes. The only 
large fold in this part of the region is the broad, shallow Peachtree 
syncline, which extends northwestward from a point near the center 
of the Peachtree ranch for more than 10 miles beyond the boundary 
of the area shown on the map. The dips on either flank of this fold 
are so low through most of its course that the precise location of its 
axis is hard to determine. The dip on both flanks is slightly irregu- 
lar, and at one place in Bitterwater Valley, just below the mouth of 
Lewis Creek, a low dip toward the east forms a very short subsidiary 
anticline in the east flank of the larger syncline. 

In the mountainous part of the range northeast of the fault zone 
the rocks are bent into a multitude of folds and are broken by faults, 
most of which trend approximately parallel to the San Andreas 
fault and somewhat obliquely to the course of the Diablo Range. 
The largest of these folds is the syncline which forms Priest Valley 
and which extends from it southeastward through the upper part of 
Waltham Valley. This general synclinal structure continues, 
although not exactly as an unbroken syncline, farther southeastward 
past Curry Mountain and merges into the monoclinal structure 
along the flank of Reef Ridge. In this structural trough Tertiary 
beds which aggregate in thickness about 8,500 feet have been in- 
folded. On the south the basin is bounded by the mass of Franciscan 
rocks that, with various infolded and faulted bodies of Cretaceous 
and Tertiary rocks, forms the ridge on the south ^de of Waltham 
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and Priest valleys. On the north side of the basin the Tertiary 
formations abut against the northward-dipping monocline of Cre- 
taceous rocks. Although the folding is pronounced and the Ter- 
tiary beds are in places tilted on edge or are even overturned, yet the 
forces causing the deformation seem to have spent themselves in a 
relatively narrow zone and did not greatly affect the Cretaceous 
beds that lie 1 j to 2 miles from the axis of folding. These Cretaceous 
beds were evidently tilted before middle Miocene time to approxi- 
mately their present attitude, as is shown by the fart that in smalt 
areas north of Priest Valley and near Alcalde Canyon almost flat 
Tertiary beds rest upon the steeply dipping Cretaceous rocks. The 
difference in the character of the foundation upon which the upper 
Miocene formations rest in the north and south sides of Waltham 
and Priest valleys suggests that the fold in the Tertiary beds foUows 
an old line of weakness along which the Cretaceous beds were faulted 
against the Franciscan in pre-middle Miocene time. Between the 
center of the synclinal basin and the San Andreas fault are numerous 
areas of Tertiary rocks flexed into short, shallow folds. The syn- 
clines are for the most part unbroken, but the anticlines are almost 
invariably faulted and a narrow belt of Franciscan rocks is exposed. 
The complexity of the structure gradually diminishes toward the 
east, and in the foothills bordering the San Joaquin Valley the Ter- 
tiary rocks which appear at the surface form only a few broad folds. 
In the area shown on the map only the part lying east of Curry 
Mountain may be said to belong to this foothill belt 

PETBOIiETTM. 

CONDITIONS IN THE COALINaA SISTBICT. 

The area discussed in this report lies mainly in the mountainous 
region west of the Coalinga oil field, one of the largest producing 
fields in California, and a discussion of the possibility of developing 
oil in it may well be preceded by a brief account of the occurrence 
of oil in the productive field.' 

The oil sands in the Coalinga district lie in the midst of a thick 
mass of sedimentary beds, mainly of marine origin and of Cretaceous 
and Tertiary age. These beds are mostly sandstone and clay or 
clay shale, but they include two persistent formations which are 
filled vrith the remains of minute organisms — diatoms and for- 
aminifers — and which are commonly termed diatomaceous shales. 
One of these formations lies at the top of the Cretaceous and the 
other in the lower part'of the Tertiary, and in much of the region 
the two are separated by many hundred feet of sandstone and shale. 
With one exception the oil-bearing sands may be grouped in two 

• For 11 fnll dlHCMHloii of the Coallnita district see IT. S. GeoL Surrey Bull. 398, IQIO. 
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zones, one including the sandy beds immediately ov^lying, under- 
lying, and intercalated with the lower (Cretaceous) shale, the other 
comprising the sands that have a similar relation to the upper 
(Tertiary) diatomaceous shale. The single exception to this group- 
ing is an oil sand which occurs in the sandstones and shales and 
which lies between the two diatomaceous shale formations but is 
separated from each of those formations by several himdred feet of 
barren strata. The upper of the two main zones is by far the more 
productive, and from the sands overlying the Tertiary diatomaceous 
shale comes more than 99 per cent of all the oil produced in the 
Coalinga district. The close association of oil-bearing sands and 
diatomaceous shales is not unique in the Coalinga region but is the 
one practically constant feature that may be recognized in all the 
productive oil fields in the southern half of California. This con- 
stant relation has led to the belief that most if not all of the 
petroleum in the southern half of the State had its origui in the 
diatomaceous shales. The sandstones in contact with the diato- 
maceous shales are not everywhere petroliferous ; they contain oil in 
quantity only in places where structural and other conditions have 
caused it to accumulate. In the Coalinga district the main accumu- 
lations lie along a broad anticlinal fold that extends southeastward 
from the Diablo Kauge, forming an outlying range of hills east 
of the town of Coalinga, and also at the upper end of the plunging 
syncline that lies between the anticline and the main range. In 
general it may be said that structures of this type appear to govern 
the occurrence of petroleum in most of the productive fields in the 
southern half of California. Petroleum is usually found in the 
anticlinal folds, but in many places, especially along the west side 
of San Joaquin Valley, oil occurs also in the synclines that parallel 
anticlines in which the sands are saturated with petroleum. 

With this general idea of the maimer in which oil occurs at Coa- 
linga in mind the broader features of the region west of Coalinga 
will be considered to show how far the conditions existing at Coa- 
linga are duplicated. 



The San Andreas fault divides the region west of Coalinga into 
two parts, whose structure is so diverse that they may best be treated 
separately even in this general discussion. 

In the mountainous region between the San Andreas fault on the 
west and the Coalinga district on the east neither of the diatomaceous 
shale formations with which the oil sands of the Coalinga district are 
associated occurs. There is present, however, a younger formation 
of precisely the same type, in which oil might have been formed 
equally as well as in either of the older shales at Coalinga. Indeed, 
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this shale, which is shown on the map as the Santa Margarita ( 1 ) for- 
mation, continues southeast and forms part of the huge bod; of shale 
from which the oil obtained in the Temblor Range fields is believed 
to have been derived. The structure in the mountainous region west 
of Coalinga is, however, very unlike that in the foothills, and the 
Tertiary rocks, instead of being folded into broad anticlines antj 
syaclines as they are along the eastern margin of the Diablo Bange, 
are sharply flexed and faulted and occur in more or less isolated 
blocks resting on the older formations. Thus the structure is in 
general not favorable for the collection of oil that may have been 
derived from the diatomaeeous shale, and a duplication of the condi- 
tions existing in the Coalinga field is not to be expected. There is a 
slight chance that oil may have collected beneath a small area lying 
south of Carry Mountain, but it seems improbable that much oil has 
concentrated there. Besides the diatomaeeous shale there is in this 
part of the region another mass of sedimentary rocks that must be 
considered a possible source of petroleum. This mass comprises the 
dark-colored compact clay shale containing traces of carbonaceous 
matter that lies in the lower part of the Cretaceous and is especially 
well exposed on the north side of the upper part of Waltham Valley. 
This dark clay shale is very like the shale in Colusa and Glenn 
counties, in northern California, in which seeps of oil occur. How- 
ever, throughout the region the Cretaceous shale is st«eply tiltled and 
nowhere has an attitude favorable for the collection of petroleum- 

In the foothills west of the San Andreas fault the lower part of the 
Tertiary formation contains masses of diatomaeeous shale that reach 
thicknesses of several hundred feet. Asphalt and dry oil sand occur 
associated with the shale, and this area of low dip should be critically 
examined as one in which petroleum might have accumulated, 

LOCAL ABEAS. 

AB£& BOCTH OF CUHRT MOUNTAIN. 

oEOLOcr Afrv economic possibilities. 

In the area of relatively low relief near the southeast comer of 
T. 21 S., R. 14 E., between the upper part of Jacalitos Creek and 
Curry Mountain, several structures merge, and, although the domi- 
nant feature is the general synclinal structure that produces Wal- 
tham Valley, the rocks are folded into a number of small irregular 
anticlines and synclines. The beds appearing at the surface are of 
late Miocene age. The older Tertiary beds, which were mapped in the 
Coalinga report^ as the Santa Margarita (1), Vaqueros, and Tejon 
formations, appear to the southeast along Reef Ridge; but to the 
northwest, about Curry Mountain, the later Miocene strata rest di- 
rectly upon the Cretaceous, and the older Tertiary formations are not 



> U. S. Oeol. Survey Bnll. 398. 1910. 



lb, Google 



140 COMTRIBITIOXS TU ECOXOMIC UEOLOQ V, IHIS, PART II. 

exposed anywhere between ihat place and Alcalde Canyon. The oil 
obtained in the main Coalinga field is believed to have originated in 
the diatomaceous shale which in the Coalinga report was mapped as 
the upper part of the Tejon formation but has since been proved 
to be younger than Tejon and probably of Oligocene age and to have 
migrated from that shale into the sandstones that immediately 
underlie, overlie, or are bedded with it. The most prolific oil sands 
are those immediately above this diatomaceous shale, and in general 
the sands become less productive the farther they are removed from 
it. Moreover, the seeps of oil that occur farther south, along Keef 
Ridge, bear a similar relation to the diatomaceous Oligocene (?) 
shale. 

The absence of outcrops of the Oligocene ( ?) shale and the Tejon 
formation (Eocene) in the area south of Curry Mountain is there- 
fore of prime importance in considering the possible occurrence of 
oil in this part of the region. The southernmost exposure of this 
shale and of the Tejon formation north of Alcalde Canyon is near 
the San Joaquin Valley coal mine 3 miles due west of Coalinga. 
From that place to Sulphur Canyon, 10 miles abnost due south of 
Coalinga and about 3 miles east of the southeast comer of the area 
mapped, the Oligocene (?) shale and the Tejon are covered by 
younger formations. The western boundary of the shale and the 
Tejon beneath the mantle of younger formations is of course not 
known, but as they do not outcrop in the western end of Reef Ridge 
it seems probable that the Eocene-Cretaceous contact has a general 
northwest-southeast trend parallel to the structure lines in the outer 
foothills south of Coalinga, and that the Oligocene (?) shale and the 
Tejon do not estend far, if at all, west of the axis of the Jacalitos 
syncline. The Vaqueros and Santa Margarita (?) formations like- 
wise are covered by the later Tertiary strata, but as they are exposed 
along the south side of upper Jacalitos Creek it is evident that both 
of these formations extend somewhat farther west than the Tejon 
and the Oligocene (?) shale. An attempt has been made in the dia- 
grammatic section (fig. 5) to show the probable attitude and rela- 
tionship of the Tertiary formations in the area southeast of Curry 
Mountain. The Oligocene (?) shale and Tejon formation are shown 
extending a short distance west of the axis of the Jacalitos syncline, 
where they are overlapped by the unconformably overlying Vaqueros 
formation. From this point they are continuous eastward and prob- 
ably underlie much of the broad Kettleman Plain. It is believed that 
petroleum has originated here, as it has in the Coalinga field to the 
north, in the diatomaceous Oligocene (?) shale that overlies the 
Eocene Tejon formation and has migrated into the overlying 
Vaqueros to places where the structure is favorable for its retention. 
It was pointed out in the Coalinga report ' that the Jacalitos anti- 

'V. S. 0«il. Survey Bnll, 898, pp. 2SB, 23S, ISIO. 
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cline ia a favorable place for the collection of such oil. Since that 
report was written wells drilled along this fold have obtained Bome 
light-gravity oil, apparently 




from the Vaqueroa formation, 
at depths of 3,700 to 4,400 feet 
The question now arises 
whether or not sufficient oil is 
present to saturate not only 
the sands along the Jacalitos 
anticline but also those on the 
west side of the Jacalitos sjm- 
cline in a manner analogous to 
the occurrence of oil in both 
the Coalinga anticline and syn- 
cline. 

The general conditions in 
this area south of Curry 
Mountain are similar to thoee 
in sec. 2, T. 21 S., K. 14 E., a 
mile or so west of the Westside 
Coalinga field, where the Va- 
queros formation rests directly 
upon Cretaceous beds. Wells 
drilled in this northern region 
obtain oil at a shallow depth 
from beds in the lower part of 
the Vaqueros. The conditions 
in sec. 2 are shown diagram- 
matically in figure 6, 

The oil obt^ned in the wells 
in and near sec. 2 probably 
had its origin largely in the 
Oligooene (!) shale, migrated 
into the Vaqueros and thence 
to the west up the dip, to accu- 
mulate finally in the area 
where the Vaqueros is but 
slightly tilted. Although 
Uiere is thus a general simi- 
larity between the structure of 
the area south of Curry Moim- 
tain and that of the area above 
mentioned, north of Alcalde 
Canyon, it appears rather unlikely that oil has migrated in quantity 
west of the axis of the Jacalitos syncline to collect in the irregu- 
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IatIj folded rocks south of Curry Mountain. The Oligocene (t) 
flhale evidently lies much farther east in this ares than in the area in 
sec. 2 north of Alcalde Canyon, and the Jacalitos anticline, along 
whidi oil rising from beneath the valley to the east would probably 
lend to collect, is interposed between the area of low dip near Curry 
Mountain and most or possibly all of this shale. More direct evidence 
on this point is the fact that the outcrops of the sands in the lower 
part of the later Miocene formations, where they are in contact 
with the Cretaceous on the southeast slope of Curry Mountain, show 
no trace of oil, whereas the outcrops of the Miocene sands from which 
the wells in sec. 2, T. 21 S., R. 14 E., derive oU do show such traces. 
The welU that have been drilled along the Jacalitos anticline, 




Approximate tcih 



FinUBB e. — HrpotheHcal cross Bcctlou in the western part of the Coalings oil Qeld. Cal. 
Adapted rrom II. S. Oeol. Surve; Bull. 368, tig. 8, p. IBl, 1910. 

although they prove the presence of oU, have not yet shown that it 
occurs in great quantities. Unless the sands along the anticline are 
saturated with oil it is improbable that they will contain it farther 
west. Thus any prospecting in the area south of Curry Mountain 
should await further work along the anticline to the east. 

Two formations other than the Oligocene (?) shale might be re- 
garded as possible original sources of oil in the Jacalitos Hills — one 
the shale that occurs at the top of the Cretaceous in the north end 
of the Coalinga field and the other the shale of the Santa Margarita 
(?) formation. It is unlikely, however, that much if any oil which 
may have formed in either of these shales has collected in the 
Tertiary beds at the south end of Curry Mountain. The nearest 
exposures of the Cretaceous shale are in the north end of the Coalinga 
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fidd. This shale is not exposed sooth of Coalinga, and in all proba- 
bility if it imderlies the Jacalitos HUls at all it is much farther east 
than the Oligocene (f) shale and is therefore a much less likely 
source than that formation. As for the shale of the Santa Mai^rita 
(?) it should be noted that where it is exposed on Jacalitos Creek, 
at the north end of Beef Bidge, that formation is not more than 300 
or 400 feet thick. Moreover, this formation evidently decreases in 
thickness toward the north, beneath the cover of the younger forma- 
tions, and it is not exposed in the steeply tilted monocline of late 
Tertiary formations in the foothills north of Coalinga. 

WBLL8 DBILLES FOB OIL. 

Wells drilled along the Jacalitos anticline by the Bohemian Oil 
Co. and the Hub Oil Co. are said to have found oil sands at depths 
of about 3,700 and 4,300 feet, respectively. Farther southeast along 
the same fold the well of the Azores Oil Co. is said to have obtained 
oil at 3,500 feet. In the Jacalitos syncline to the west several wells 
have been drilled, but so far as the writers are aware none of them 
penetrated the strata of the later Tertiary formation and reached the 
horizons at which oil sands, if they exist in the region, might be 
expected to occur. 

About 18 or 14 years ago three wells were drilled along the upper 
part of Jacalitos Creek. Two were put down by the Whale Oil Co. 
in the SE. i sec. 4, T. 22 S., R. 14 E., one to a depth of 650, the 
other 600 feet. Salt water was obtained in the deeper well. Near the 
south line of sec. 32, T. 21 S., R. 14 E., the Venus Oil Co. drilled a 
well about 1,500 feet deep without obtaining oil. These three wells 
could hardly have been drilled in more disadvantageous places, for 
the Tertiary beds are steeply tilted and faulted, offering no favorable 
structure for the concentration of oil should it have occurred dis- 
seminated through the strata. 

WALTHAM AND PRIEST VALLEYS. 

The Tertiary formations in Waltham and Priest valleys lie in a 
structural depression that trends diagonally across the Diablo Range. 
The structure, though in general synclinal, is complicated, especially 
on the southwest, by numerous small folds and faults that have in- 
folded or dropped blocks of the Tertiary beds into the Franciscan, 
This structure is not specially favorable for collecting any petroleum 
that may have occurred in small quantities throughout the rocks, nor 
are there here any large areas underlain by diatomaceous shale from 
which oil might be derived. The diatomapeous shale of the Santa 
Margarita (?) formation has at best relatively small distribution, 
even though it underlie most of the region where the later Miocene 
formations appear at the surface. The tremendously thick section 
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of dark carbonaceous shale that forms the lower part of the Cre- 
taceous on the north side of Waltham Valley might he regarded as 
an original source of petroleum, but its high and regular dips afford 
no favorable structure for the accumulation of oil, even if it were 
originally present. 

Indications of oil have been reported near the northwest corner of 
sec. 28, T. 20 S., R. 13 E., along the fault that extends northwest- 
southeast through the hills on the north side of Waltham Valley, 
about a mile west of Fresno Hot Springs, The writers were unable 
to confirm this report but are inclined to credit it Such oil may 
have risen either from the dark carbonaceous shale of the Cretaceous 
or from the diatomaceous shale of the Santa Margarita {?), which 
supposedly lies beneath the later Tertiary strata north of Waltham 
Creek, Of the two possibilities the first seems the more probable. 

Wells have been drilled for oil at two places on the north side of 
Waltham Valley near the reported seep. Just south of the southeast 
comer of sec. 20, T. 20 S., R. 13 E., five wells were put down within 
a few hundred feet of one another 9 or 10 years ago by the Echo Oil 
Co. The deepest well, No. 2, is said to have been drilled to a depth 
of 1,400 feet. Two of the weUs are said to have obtained small quan- 
tities of gas and oil, and it is commonly reported that as much as 5 
or 6 gallons of light-gravity oil has been bailed out at a time. About 
a mile to the southeast, near the cent«r of sec. 83, T. 20 8,, R. 13 E,, 
is the Warthan Oil Co.'s well. Drilling has been carried on here at 
various times since 1909 but was suspended in September, 1913, for 
lack of funds. This well and those of the Echo Oil Co. are close to a 
large fault, along which the strata are steeply tilted and much frac- 
tured. If oil did occur in the rocks, it probably would have tended to 
migrate from the beds that lay relatively close to the fault into the 
crushed zone, but the position and attitude of the more distant rocJts 
make it improbable that oil from any very great thickness of beds 
would have migrated in this manner. Also, the beds along the fault 
are so steeply tilted and so broken that they offer a ready avenue 
of escape to the surface for any oil which might be contained in them. 

BITTERWATES AND PEACHTREE VALI.EYS AND FOOTHILLS TO THE WEST. 



West of the San Andreas fault zone the beds mapped as upper 
Miocene rest directly upon the eroded surface of the granite. Jn 
the area shown on the map these beds have a maximum thickness 
of about 3,300 feet and comprise two formations, of which the lower, 
made up of sand, clay, gravel, and diatomaceous shale and filled 
with marine fossils, is believed to be the equivalent of the Santa 
Margarita formation, and the upper, composed of material that was 
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probably laid down in lakes or subaeriall;, ia the equivalent of the 
Tulare formation. West of Peachtree Valley the npper of the two 
formations is relatively unimportant, appearing only in isolated 
areas along the crests of the ridges as a cap less than 200 feet thick. 
The beds that are comprised in the formation that is considered 
the equivalent of the Santa Margarita are variable in character, 
ranging from coarse conglomerate to fine diatomaceous shale, but 
for the most part are fine grained. Near Lonoak and in Bitterwater 
Valley the lower 1,000± feet is composed of diatomaceous shale, 
which forms prominent white outcrops that are especially noticeable 
about 2 miles northwest of Lonoak post office. Shale of this type 
forms the lower part of the Tertiary along the west side of Bitter- 
water Valley, in the north end of Mustang Bidge, in small areas 
near the east comer of the Peachtree ranch, and in much of the 
Topo ranch northwest of the area mapped. In many other parts 
of the region, however, sandy or even gravelly beds, such as those 
exposed near the asphalt quarry west of Lonoak, rest upon the 
granite. Practically no diatomaceous shale appears resting upon 
the granite near its exposures in small areas 4 miles southwest 
of Lonoak. The variability in the lithology of the lower part of 
the Tertiary is well shown along the north side of San Lorenzo 
Creek west of the granite that is exposed at the edge of the area 
mapped. Possible explanations of the variability in the thickness 
of the diatomaceous shale appear to be (1) that the Tertiary beds 
were laid down upon a very uneven surface of granite and that in 
parts of the region the lower beds were not deposited; (2) that the 
shale actually grades laterally into coarser materials; (3) that the 
diatomaceous shale is older than the clay and .shale and is separated 
from them by an unconformity. The most probable explanation 
seems to be that the variability in the thickness of the shale is due 
both to lateral variation in character and to the uneven surface upon 
which it rests. Sandy beds intercalated with the diatomaceous shale 
contain fossils apparently of precisely the same type as those in the 
overlying sandy beds, and it seems improbable that any considerable 
time intervened between the deposition of the two divisions. The 
presence or absence of the diatomaceous shale is of considerable im- 
portance, for the seeps of oil appear only in those areas where it has 
considerable thiclmess. 

The Tertiary strata that cover the granite have not been deformed 
to any very marked degree west of the San Andreas fault zone. West 
of Peachtree Valley nearly to the edge of the area mapped this cover 
may be thought of as a sheet, very slightly wrinkled along irregu- 
lar lines and in general dipping slightly toward the northeast. 
Farther west the dip changes; along ttie edge of Salinas Valley it 
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is in general toward the west, carrying the beds beneath the valley. 
Between Peachtree Valley and the San Andreas fault zone is a shal- 
low synciine, which the writers have termed the Peachtree EtyncUue. 
This fold starts near the center of the Peachtree ranch and continues 
northwest through the Topo ranch, beyond the area mapped. The 
east flank of this syncline is terminated by the San Andreas fault 
zone, along which the beds of diatcnnaceous shale id the lower part of 
the later Miocoie formations are so tilted that they are nearly verti- 
cal. North of Lonoak the southwest flank of the syncline merges with 
the area of low irregular dips along the foothills east of the Salinas 
Valley, but along the Peachtree VaUey it is apparenUy terminated 
by a fault It is in this synclinal basin that most of the drilling for 
oil has been done. Along the San Andreas fault a zone varying from 
three-quarters to 1 mile in width is traversed by innumerable faults 
and the rocks are greatly shattered In this zone rocks of the Fran- 
ciscan and lat«r formations are intermingled in irregular masses, and 
along the west side steeply tilted beds of diatomaceous shale occur. 
Through this zone of fracture oil contained in the rocks has found 
an easy passage to the surface. Several wells have been drilled along 
it, but none of them have found any considerable reservoir of oil. 
BtJBFACE nntiCATioBs or prrRoLEcii. 

In several places in Bitterwater and Peachtree valleys oil im- 
pregnates the surficiat sandy beds that lie in the San Andreas fault 
zone (ff that rest upon the granite. The largest of these outcrops oc- 
curs at the Mylar asphalt quarry, in sees. 14 wid 15, T. 19 S., R. 9 E,, 
about 2 miles west of Lonoak. The basal 25 to 50 feet of the later 
Miocene here is a coarse, arkosic sand or grit that was evidently de- 
rived from the granite upon which it rests. The outcrops of this 
sand for a distance of about one-half mile are impregnated with tarry 
oil or asphalt, the amount contained varying from place to place. 
Where the outcrops are weathered and unbroken the sand is light 
brown and friable, but in the newer faces of the quarry the sand is 
plastic from the amount of tar it contains, and in one place thick oil 
slowly oozes out along its c<»itact with the underlying granite. The 
oil sand or asphalt is quarried from time to time and used in repair- 
ing the roads about King City. Most of the sand is of meditun 
coarse grain, and the material is used directly upon the roads with- 
out the addition of more sand. 

Oil-saturated sands outcrop at two places near the southeast cor- 
ner of the Peachtree ranch, in what corresponds to the SE, i sec. 22 
and the SW. J sec. 25, T. 20 S., R- 11 E. At the first-named locality 
a massive sandstone that stands almost vertical occurs on the west side 
of an area of much contorted diatomaceous shale. The relationship 
of the sandstone and shale is not entirely clear, as the rocks are con- 
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siderably faulted, but the sandstone is believed to be stratigraphically 
above most or possibly all of the shale. The sandstone is impreg- 
nated with heavy oil, which Blowly seeps out in the bottom of one of 
the steep arroyos. About IJ miles southeast of this seep a sandstone 
50 to 60 feet thick, bedded with the diatomaceous shale that occurs 
near the base of the Tertiary, is impregnated with oil. This bed ap- 
pears to be a sandy lens in the upper part of the diatomaceous shale. 
It lies at the western edge of the San Andreas fault zone, is much 
fractured, and is truncated on the east by a fault that brings it into 
contact with the clay in the Tulare formation. 

Where the San Andreas fault crosses Alvarez Creek, in sec. 32, 
T. 18 S., E. 10 E., an outcrop of much fractured coarse arkosic sand- 
stone in the Tulare formation is stained by petroleum, and wells lees 
than 100 feet deep sunk here have yielded a little light-gravity oil. 

About 13 miles due north of King City, approximately in sec. 
29, T. 17 S., K. 8 E., at the Matthews asphalt quarry, a bituininous 
sandstone outcrop lies, like that at the Mylar quarry near Lonoak, 
between outcrops of granite and of diatomaceous shale. This sand- 
stone may underlie the diatomaceous shale, as was suggested by 
Eldridge,^ but as the oil sand is limited to the small gulch tributary 
to Chalone Creek and contains besides granitic material an appre- 
ciable number of diatomaceous shale fragments, the writers suggest 
that it is probably a stream terrace deposit impregnated with and 
cemented by thick tarry oil that seeped out of the lower part of the 
diatomaceous shale. Tlie beds of sand and gravel impregnated with 
oil are of very uneven grain and on the whole are much coarser than 
those at the Mylar quarry. 

WELL8 DRILLED FOB OIL. 

The following wells have been drilled for oil in and near Bitter- 
water and Peachtree valleys : 

NonpareU Ko. 1, sec. 32, T. 18 8., B. 10 a 

Nonpareil No. 2, sec. 32, T. 18 Si, R. 10 m 

NoDparell No. 3. sec. 32, T. 18 8., E. 10 B. 

Lonoafc No. 1, see. 7, T. 19 S., K. 10 B. 

Lonoak No. 2, sec. 31, T. 18 8., R. 10 E. 

Alvarez No. 1, sec. 33, T. 18 S., B. 10 H. 

Le Franc No. 1 (Standard Oil Co.), Topo ranch, In what corresponds to 

sec. 33, T. 17 8., K. 9 B. 
Tompkins No. 1 (Standard Oil Co.), sec 19, T. 19 8., E. 10 B. 
Tompkins No. 2 (Standard Oil Co.), sea 19, T. 19 S., R. 10 B 
Landrmn No. 1 (Standard Oil Co.). sea 28, T. 19 S.. R. 10 E. 
Dobeny well, sec. 14 or 15, T. 19 8., B. 9 B. 
Miller No. 1 (Dnion Oil Co.), Peachtree ranch. In what corresponds to Bee. 

24, T. 20 8., R. 10 B. 
Salinas No: 1, sec. 9, T. 19 8., R. 10 E. 
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The Nonpareil wells were drilled about 13 years ago near the seep 
where the San Andreas fault crosses Alvarez Creek. Previous to the 
drilling of the main wells, two wells were drilled by hand, the deeper 
of which is said to have obtained light-gravity oil at 60 to 70 feet. 
At the time of the writers* visit it had caved below the 55-foot depth 
and was dry of oil, although containing considerable gas. Of the 
three larger wells, No. 1 is said to have reached a depth of 1,038 feet 
without obtaining more than a trace of oil. Well No. 2 was drilled 
653 feet and obtained oil between 400 and 520 feet Oil now stands 
in the hole, but the well has never produced. Well No. 3 rdbched a 
depth of 1,300 feet, having been drilled through " a great mixture 
of rocks," but obtained no oil. 

Lonoak well No. 1 was sunk about 2,700 feet and is said to have 
reached granite at that depth without having encountered a trace of 
oil. Well No, 2 reached a depth of 3,009 feet, getting a little tarry 
oil at 600, 800, and 1,600 feet. A few barrels of oil is said to have 
been pumped. 

The Salinas well is said to have been drilled to 450 feet and at that 
depth to have found a little very heavy oil like that in Lonoak well 
No. 2. 

The Doheny well, near the southwest comer of sec. 14, T. 19 S.. 
R, 9 E., starts about 750 feet south of the outcrop of the oil sand at 
the Mylar asphalt quarry. It is said to have reached the granite at 
900 feet without having found oil. The lack of success of this well 
is striking and shows the local character of the oil sand that is quar- 
ried as asphalt. 

The Alvarez well was started a few hundred feet south of the old 
Nonpareil wells and drilled to a depth of 900 feet but obtained no oil. 

The Le Franc well of the Standard Oil Co., at the head of Bitter- 
water Valley, within a few hundred feet of the San Andreas fault 
line, was drilled to a depth of more than 2,000 feet. It is said to have 
penetrated considerable oil sand but produced no oil. The fractured 
condition of the beds here prohibits an estimate of the stratigraphic 
position of the oil sands penetrated. 

The two Tompkins wells and the Landrum well of the same com- 
pany were drilled in Peachtree Valley and are said to have reached a 
" hard gray sand " without finding more than a trace of oil. It may 
be that the " gray sand " is an arkosic sand derived from the granite 
and is similar to that at the asphalt quarry west of Lonoak, but the 
writers believe that it is more probably granite. 

The Miller well of the Union Oil Co., near the west edge of the 
Peachtree ranch, along the road from Peachtree Valley to Salinas 
Valley was drilled to a depth between 2,500 and 2,600 feet, but no 
oil was found. 
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FOBSIBILnTEB. 

Along the San Andreas fault the beds are broken and all the 
fonnations are so intermingled in small irregular masses as to form a 
structure exceptionally unfavorable for the accumulation and reten- 
tion of petroleum. It is true that oil contained in the solid rocks in 
the immediate vicinity would probably work its way into the crushed 
zone, but it is difficult to believe that it would be held there in quan- 
tity and would not work its way to the surface. Thus, although seeps 
of oil occur along this zone, and although wells such as Louoak well 
No. 2 and the Salinas well have obtained small quantities of oil, the 
presence of oil beneath the surface in sufficient amount to make drill- 
ing profitable seems very unlikely. Also, the experience in other Cal- 
ifornia fields shows that oil contained in rocks so badly fractured as 
these is of variable character and that much of it is of heavy gravity. 
Thus the oil found in the Lonoak and Salinas wells is probably typi- 
cal of the oil that does occur, despite the fact that small quantities 
of light-gravity oil have been found in shallow wells on Alvarez 
Creek. 

Of the 8,000 feet or more of Miocene beds which are infolded in 
the Peachtree syncline near Lonoak the lower 1,000 feet or so is 
largely diatomaceous shale. This shale is continuous southward but 
seems to become more sandy in that direction. That the beds asso- 
ciated with the shale contain some oil is shown by the outcropping 
oil sands in the southeast corner of the Peachtree ranch and by the 
results obtained in the wells near the mouth of Lewis Creek. How- 
ever, the writers believe it doubtful that oil has accumulated here 
in any considerable amount. The syncline is structurally isolated, 
being bounded sharply on the east by the San Andreas fault zone 
and on the southwest by the granite and probably by a fault extend- 
ing along Peachtree Valley. Thus it seems improbable that oil 
could have collected in this basin from the rocks underlying any very 
extensive area. Any oil which might have been formed in the beds 
beneath Salinas Valley would probably not travel eastward beyond 
the area west of Peachtree Valley, in which the Tertiary beds are 
wrinkled irregularly. Moreover, except in a small area near the 
mouth of Lewis Creek, where the beds are slightly domed, the gen- 
eral synclinal structure ig not favorable for the collection of petro- 
leum. Even the doming cited is really so slight and lies so close 
to the badly fractured San Andreas fault zone that it is improbable 
that oil has collected in it. The wells which have been drilled here 
have pretty thoroughly tested the area, and it is believed that fur- 
ther drilling, even along the small fold mentioned above, will fail 
to disclose any extensive accumulations of oil. 
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The low foothills between the Peachtree and Salinas valleys present 
many of the features exhibited by the large productive fields in 
California, and in this area alone, of all the region studied, does 
there appear to be a possibilify of obtaining oil. The factors sup- 
porting the theory that oil may have accumulated here in consider- 
able amounts may be listed as follows: (1) Some oil is undoubtedly 
present, as is shown by the outcropping oil sand at the asphalt 
quarry near Lonoak and at the south end of the Peachtree ranch ; 
(2) diatomaceous shale, which is regarded as the ultimate source 
of the oil in this part of the State, is bedded with, overlain by, and 
underlain hj porous sandsttme, which, although mostly of rather 
fine grain, would serve as an excellent reservoir for oil ; (3) the sandy 
beds are somewhat lenticular and are intercalated with clay or shale, 
thus probably furnishing local reservoirs of porous material more 
or less completely inclosed in impervious walls; (4) the beds are 
tilted slightly and irregularly, locally forming small, low structural 
dcsnes; (5) to the west is the broad synclinal Salinas Valley, under 
which Hes part at least of the thick mass of diatomaceous shale that 
outcrops along the Santa Lucia Bange on the west side of the valley. 
Thus there is an area of considerable size from which oil might have 
risen to collect in the slightly folded rocks. 

Althou^ the broader features of the stratigraphy and structure 
appear to favor the hypothesis that oil has accumulated in the foot- 
hills west of Peachtree Valley, two important questions remain to 
be answered, and to neither of them does the answer seem favorable, 
so far as may be judged from the areal geology. They are (1) whether 
the oil, though undoubtedly present, was formed in quantities in 
any way comparable with those found in the southern end of the 
San Joaquin Valley; and (2) whether, if any considerable quantity 
of oil was formed beneath the valley, it would have collected in the 
beds in the foothills on the east side in reservoirs of sufficient size 
to be commercially valuable. 

It seems probable that the first question must receive a negative 
answer. Seeps of oil and dry oil sands occur not only in the region 
described but also to the southeast, in the Parkfield region, and at 
intervals for several miles on the west side of the valley. In other 
words, the outcrops of the Tertiary rocks on both sides of the basin 
show evidence of petroleum, and it is reasonable to suppose that 
the beds in the center of the basin, now covered by alluvium, also 
contain or at one time contained it. The basin occupied by sedi- 
mentary rocks here is, however, of much smaller area than that at 
the southern end of the San Joaquin Valley ; the diatomaceous shale 
in it is far thinner than that in the Temblor Kange and along the 
east side of the Salinas Valley is somewhat irregularly developed, 
owing, in part, to its having been laid down upon a vary irr^ular 

,..|I.;,G00'^[C 



OIL PB0SPECT8 IN WALTHAU AND OTHEB VALLEYS, CAL. 151 

surface of granite and probably also in part to the fact that it is 
replaced in some areas by sandy beds. This irregularity is well shown 
along San Lorenzo Creek. Near Lonoak the lower 1,000 feet or so of 
the later Miocene is fairly pure diatomaceous shale, but less than 2 
miles downstream sand and sandy clay, in lithologic character pre- 
cisely like the beds overlying the diatomaceous shale near Lonoak, 
rest directly upon the granite. Also, near the small granite ex- 
posures some 4 miles southwest of Lonoak the sedimentary beds 
are entirely sand and sandy clay. Thus if the diatomaceous shale 
is regarded as the ultimate source of the oil it is unreasonable to 
suppose that so great quantities of oil were formed here as were, 
formed in the southern end of the San Joaquin Valley. 

The oil seeps in the region studied are very closely associated with 
the diatomaceous shale, and practically none is known in an area in 
which the shale has not considerable development. It is not unrea- 
sonable to suppose that beneath the alluvial filling in Salinas Valley 
the diatomaceous shale has as irregular a development as it has where 
exposed in the area studied. If such is the case, unless there is some 
special cause for its further migration, any oil which may have 
originated in the shale would probably not move farther than the 
sandy beds interstratified with or immediately adjacent to the shale. 
Thus the tendency would be for the formation of a number of small 
local concentrations. 

So far as the effect of the structure upon a possible accumulation 
of oil is concerned, the most notable feature in the foothills between 
Feachtree and Salinas valleys is the lack of any well-defined fold at 
all comparable with those which, south of Coalinga, border the San 
Joaquin Valley on the west and along which lie the productive oU 
fields. Instead of being strongly folded the Tertiary beds along the 
east side of Salinas VaUey are but slightly tilted, in much of the 
area less than 2°. The importance of this difference in structure 
can hardly be overestimated in considering the possibility of oil 
having accumulated in considerable quantity. 

Along the edge of Salinas Valley the dip is in general southwest, 
but near the border of the area mapped it is northeast. The change 
does not take place along a line, but rather along an ill-defined belt 
several miles in width, or it perhaps may best be described as being 
marked by a number of short irregular domes of which three appear 
in the area mapped. One occurs near the asphalt quarry west of 
Lonoak, where the later Miocene beds dip 2° to 7° away from the 
granite. The second occurs west of the Pfeachtree ranch, where a 
line trending northwest-southeast through sees. 16 and 22, T. 20 S., 
R. 10 E., separates the beds that dip about 2J° SW. from those that 
dip approximately as much northeast. The third occurs just north- 
west of the isolated outcrop of granite some 4 miles southwest of 
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Lonoak. These uplifts are so gentle that their axes can not well be 
desiguated by a definite line, but their position is indicated by the 
dips given on the map. 

In San Joaquin Valley the sandy beds along the anticlines have 
served as reservoirs for oil that is believed to have once been con- 
tained in beds that extended over large areas. Much of the oil prob* 
ably originated beneath San Joaquin Valley, worked its way up the 
rise, and accumulated in the upper parts of the folds. On the east 
Bide of Salinas Valley, however, no such folds dominate the struc- 
ture and there appears to be no reason why oil that may occur dis- 
seminated through the rocks over a wide area should accumulate 
in considerable amounts in a single small area. On the contrary, oil 
which may have originated beneath the valley would probably tend 
to r«nain in the upper parts of the numerous low, faint domes or 
wrinkles. Moreover, the diatomaceous shale is much thinner along 
Salinas Valley than it is along the western border of San Joaquin 
Valley; hence it is even more necessary in Salinas than in San 
Joaquin Valley that a structural feature which favors the accumula- 
tion of oil should have tributary to it a large area from which oil 
may be drained. 

In conclusion it may be said that the irregular structure, the ir- 
regular distribution of the diatomaceous shale, and the lenticular 
character of the sandy beds all seem to indicate not that oil has ac- 
cumulated in any considerable quantity in few localities but rather 
that it has accumulated in small amounts at s. number of places in 
the upper parts of low folds or domes. It is not at all unlikely that 
wells drilled along the axes of the low anticlinal folds that lie be- 
tween Salinas River and Peachtree Valley will find oil. It is to be 
expected, however, that the area that may prove productive is very 
irregular in outline, and that the amount of oil in the producing wells 
will be small. Thus for many years to come the cost of prospecting 
this region with the drill will probably be much greater than the 
value of the oil that may be obtained. 

So far no well has adequately tested the area west of the Peach- 
tree Valley. The well most advantageously placed is the Miller 
well of the Union Oil Co., which was drilled near the southwest sidtf 
of the Peachtree ranch, -about a mile east of the line of change in 
dip, in sees. 22 and 16. Although the test would have been more 
satisfactory had the well been located farther west, still the failure 
to obtain oil in it goes far to prove that any oil sands which may 
occur here are of small extent. Also, the outcrops of granite some 
4 miles southwest of Lonoak are significant, for although there is 
here a slight fold or dome comparable with that near Lonoak, yet 
the beds, unlike the Tertiary sands at Lonoak, show not the slightest 
trace of oil. 
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OUTXTINO DISTBICTS. 
The following brief notes regarding the geology and possible oc- 
currence of oil in the Topo ranch, which lies beyond the boundary 
of the area shown on the map, in the upper part of the valley of 
San Benito Biver, are based on hurried visits mad4 during the course 
of the work. 

TOPO RANCH. 

The Peachtree syncline continues as a broad, shallow fold north- 
westward beyond the area shown on the map, passing through the 
Topo ranch. On the east the syncline is terminated by the San 
Andreas fault zone and on the west by the granite which here ap- 
pears at the surface in the Gabilan Range. Along the west side of the 
syncline the lower part of the Tertiary section consists of ch^l^ 
■white diatomaceous shale having a maximum thickness of not more 
than l,00p feet. Upon the shale rest a few hundred feet of sandy 
beds, which constitute both the Santa Margarita and the Tulare 
formations. The beds for half a mile on either side of the axis of 
this syncline dip at angles of less than 5° and on the west flank of 
the fold at angles of less than 10° as far as the granite hills. The 
Matthews asphalt quarry (see p. 147) is on the west flank of this syn- 
cline at the contact between the granite and overlying Tertiary beds. 
Five wells have been drilled by the Standard Oil Co. in this syn- 
cline on or south of the Topo ranch. Some of them were drilled 
through the Tertiary beds to the underlying granite, but none found 
more than a trace of oil or gas. Their names and location are given 
below : 

Dunne No, 1, Topo ranch, west of Duiuie ranch boaee. 

Dunne No. 2, Topo ranch. 

Brown No. 1, sec. 15, T. 17 S., R. 8 E. 

Stone No. 1, sec. 27„ T. IT S., K. 8 B. 

Leonard No. 1, sec. 28, T. 17 S., H. 8 B. 
The Leonard well, drilled about one-third of a mile east of the 
Matthews asphalt quarry, started in the diatomaceous shale and 
struck heavy oil and tar not far above the granite. 

This synclinal basin in and north of the Topo ranch presents few 
features which would make it appear probable that oil has collected 
in it in considerable quantity. It is isolated, being bounded sharply 
on the northeast by the San Andreas fault zone and on the west 
by the granite of the Gabilan Eange, and is thus almost cut off from 
the Tertiary rocks in Salinas VaUey, These conditions make it 
difficult to believe that the syncline has acted as a catchment basin 
for oil drawn from great stretches of rocks in the surrounding ter- 
ritory. Moreover, the synclinal structure is not especially favorable 
to the concentrbtioQ of oil, as any oil that did exist in this rock would . 
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be forced up the rise and would appear at the surface, as it has at 
the Matthews asphalt quarry. Finally the wells that have already 
been drilled have pretty thoroughly tested the area. 

HAN BENITO RITXB VALLEY. 

East of San Benito River, near the southwest comer of T. 17 S., 
B. 10 E., later Miocene beds, approximately the equivalent of the 
Etchegoin formation of the Coalinga rt^on, dip rather regularly 
gO^-SO" SW. About a mile northeast of the area mapped these 
beds are broken by a fault which is approximately parallel to the 
San Andreas fault'. A short distance northeast of this fault Cre- 
taceous, Eocene { ?), and Franciscan (Jurassic?) rocks appear. The 
upper part of the Miocene beds is mainly massive arkosic sandstone 
filled with marine fossils. Beneath these beds are alternating beds 
of reddish and greenish claj and gravel, much like the beds that 
appear along the axis of the Vallecitos syncline, about 10 miles away 
on the opposite side of the Diablo Kange, and presumably of upper 
Miocene age. 

There seems to be no reasonable chance of obtaining oil in this 
part of the San Benito River valley. So far as known no seeps of 
petroleum occur here, although the rocks are broken and are in 
places much shattered by faults, so that oil certainly would have 
had abundant opportunity to reach the surface if it ever had been 
present. Also, so far as known, no masses of sedimentary rocks that 
contain any considerable amounts of organic material, such as dia- 
tomaceous or carbonaceous shale, occur in this region. Finally, the 
■ structure is not especially favorable to the accumulation of oil. 

It has been said that the value of this region as oil-producing ter- 
ritory is shown by the fact that it lies midway between Bitterwater 
Valley and the Vallecitos, in both of which seeps of oil occur. 
This can hardly be considered a valid argument, as the area is sepa- 
rated from the Bitterwater region by the San Andreas fault and 
from the Vallecitos by a- great mass of Cretaceous and Franciscan 
(Jurassic?) rocks, which lie stratigraphically below the oil-bearing 
rocks. 

The McMurtry-Hoeppner well, near the west line of sec. 32, T. IT 
S., R. 10 E., is on James Creek, a tributary of San Benito River from 
the northeast. The well starts in the fossiliferous late Miocene beds 
and, when visited in November, 1913, had been drilled to a depth 
of 1,462 feet and had apparently reached the clay and gravel that 
form the lower part of the upper Miocene. No trace of oil had been 
obtained. 
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OCCUBBENCE AND AOE. 

Coal occurs in the Tertiary beds in the Priest Valley syncline and 
at several places in the hills on the south side of Waltham Valley. 
About 4 miles south of the summit of Smith Mountain is the 
Stone Canyon mine, at which coal has been mined at irregular inter- 
vals for many years. The coal beds within the boundaries of the 
area shown on the map have been prospected at a mmiber of places, 
but when visited in the later part of 1913 none of the prospects 
remaining open furnished a good section of the beds and no fresh 
samples of the coal were obtained. Although no attempt was made 
to study the coal beds in detail, the following facts, which were 
brought out in the course of the work, regarding the age of the 
different carbonaceous beds and their general distribution are be- 
lieved to be of sufficient importance to record. The points of chief 
interest are that coal occurs at three horizons in this part of the 
Diablo Eange — in the Eocene, the lower Miocene, and the upper 
Miocene; that the coal in Priest Valley is not, as is commonly 
thought, the same as that in Stone Canyon but is younger and ap- 
parently of much poorer quality ; that the coal occurs in small isolat«d 
structural basins and not, as has been reported, in a continuous 
bed or succession of beds extending from Stone Canyon northwest- 
ward to the valley of San Benito River. 

EOCENE COAL. 

Coal occurs in Eocene beds exposed west of Coalinga and was 
mined there some 20 years ago. In 1893 approximately 400 tons were 
shipped, principally to Fresno, from the San Joaquin Valley and 
California mines.^ The enterprise, however, did not prove profit- 
able, and mining was discontinued even before oil was discovered 
in the region in quantity. 

The coal occurs in the white quartzose sandstone of the Tejon 
formation in thin, discontinuous beds, most of them less than a foot 
thick, although it is said that the "big vein" in the old mines is 
about 4^ feet thick. 

Coal occurs in the Eocene sandstone (Tejon formation) at many 
places along the foothills on the east side of the Diablo Range north- 
westward from Coalinga, but principally on the south side of the 
Vallecitos in T. 17 S., Rs. 11 and 12 E. On the west side of the sum- 
mit of the Diablo Range in sees. 20 and 21, T. 17 S., R. 10 E., 2 miles 
north of the area shown on the map, is the Trafton mine, which 

g Bureau Tvellth Kept. CalUoi'ida State UlneraloslBt, pp. 60-54, 
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was described briefly by Campbell.' The coal occurs in sandstone 
that, as neariy as could be determined in the brief time spent in the 
region, occupies about the same stratigraphic position as the coal- 
bearing beds in the Vallecitos, some 6 miles to the east, and, although 
no diagnostic fossils were found in the coal-bearing beds, the coal 
at the Trafton mine is probably of Eocene age. 

LOWER moCENE COAI.. 

The coal at Stone Canyon, in the center of T. 22 S., R. 13 E., has 
been described briefly by Arnold ° and Campbell.* It occurs in the 
lower part of the Vaqueros formation (lower Miocene) close to the 
contact with the Cretaceous rocks and the Franciscan formation 
(Jurassic?), upon which the Vaqueros rests unconformably. On the 
opposite (northeast) side of the Diablo Eange the lower part of the 
Vaqueros is exposed in the area discussed in the present report on 
both flanks of the syncline that trends northwest on the north side of 
Smith Mountain. The lower beds are best exposed on the south 
flank of the syncline from the head of Jacalitos Creek, in sec. 35, T. 21 
S., R. 13 E., northwestward through sees. 34, 33, and 28, and on the 
north flank of the fold in the NAV. J sec. 21 of the same township just 
west of the trail that leads from Waltham Valley to Bourdieu Valley. 
In both places the beds are rather steeply tilted, dipping 40° -75°. 
These dips are, however, restricted to a relatively narrow belt, and 
in much of the intervening area, closer to the axis of the syncline, 
the Vaqueros is tilted less than 30°. 

The coal-bearing portion of the formation lies below the massive 
calcareous sandstone which outcrops along the crest of the ridge 
and which forms the top of Smith Mountain and Smith Pinnacles. 
It varies greatly in thickness and in character and is evidently a 
near-shore deposit that was laid down upon a very uneven surface 
of Franciscan, Knoxville, and Chico rocks. This part of the Va- 
queros weathers easily and, occurring as it does beneath a massive 
cliff-forming sandstone, furnishes few good exposures. At the head 
of Jacalitos Creek, in the SW. i sec. 35, T. 21 S., R. 13 E., the beds 
beneath the massive calcareous sandstone have a thickness of at 
least 200 feet. The upper 100 to 150 feet is composed of beds of 
greenish or bluish conglomerate formed largely of fragments of 
Franciscan rocks, beneath which is 75 to 100 feet of carbonaceous 
and perhaps in part diatomaceous shale. The outcrop of this shale 

•Campbell, M, R., Coal tn San Benito County, Cal. : D. 8. Qeol. Snrvej Bnll. 431, p. 
243, IBll. 

■ Arnold, Hfllph, Coal In the Mount Diablo Range, Monterey County, Cal. : TJ. 8, Qeol. 
Survey BuU. 2SS, pp. 223-225, 1906. 

• Campbell, M. R.. Cnal of Stone Canyon, Monterey County, CaL : tJ, 8. Qeol. Survey 
Bull. 316. pp. 43E-438, ISOT. 
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is apparently terminated on the south by a fault that has brought the 
shale into contact with sandy shale and somewhat concretionary sand- 
stone whose exact stratigraphic position is not known. The car- 
bonaceous shale is, however, not far above the base of the Vaqueros. 
On the north side of this syncline, in the NW. i sec. 21, T. 21 S., 
R. 13 E., the following section is exposed. The thicknesses given are 
estimates but are probably accurate within 10 per cent. 

Incotnplele section of carbonaceous beds in loiner part of Vaquerog fonnation in 
NW. i sec. 21, T. Zl S.. R. 13 E. 

A. Sandstone, masslie, aomewliat cfllcareoua; basal bed 

filled with large oyster shells. Probably the lower part 
of the sandstone that forme Smith Pinnacles. 

B. Sandstone, lees massive than bed A, llf(lit gray, weather- 

ing to yellow-brown 10 

C. Sandstone, somewhat carbonaceous, rather shalf , weather- 

InE red-brown. Bed 1 foot thick 6 feet above base is 
filled with liirge oyster shells 16 

D. Sandsfone, light gray, not notably carbonaceous 2i 

El Sandstone, somewhat slialy SDd carbonaceous, like bed C- 4 

P. Conglomerate and clay, reddish, purplish, and greenish. 

Purple beds almost wholly minute fragments of ser- 
pentine and basic igneous rocks. Pebbles largely flat 
fragments of Franciscan, rarely over 3 or 4 inches 

long - 35^0 

G. Sandstone, matnly sbaly and carbonaceous, with a few 
massive concretionary beds. Somewhat like bed £1 
Base not exposed 15+ 

The beds lying beneath the coal and mapped as part of the 
Vaqueros formation have not yet yielded diagnostic fossils. At the 
Stone Canyon mine the coal rests upon clay shale somewhat different 
from any beds of the "Vaqueros above the coal, and judged by this 
section alone there seems to be some ground for the view held by 
many who have examined the mine that the clay and coal are parts 
of a formation older than the Vaqueros. However, on the northeast 
side of the Diablo Range the carbonaceous beds are underlain in 
places by gravel and coarse sandstone precisely like those which 
overlie the coal and which contain typical lower Miocene fossils. 
Thus there seems to be no reason to doubt that the coal is of lower 
Miocene age, as it was regarded by Arnold.^ 

Several prospect tunnels have been run into the lower part of the 
Vaqueros in the north half of sees. 33 and 34, T. 21 S., R. 13 E., in 
the valley of a stream tributary to Alum Creek. According to Mr, 
V. H. Crump the last work here was done in 1909, when a San Jose 
company ran a 200-foot tunnel to crosscut the coal. The tunnel 
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started in beds a little below the massive calcareous sandstone of the 
Vaqueros and ran south about 200 feet into the Franciscan forma- 
tion without finding coal. On the west side of the same creek near 
the line between sees. 83 and 34 are other caved prospect tunnels, 
which, to judge from the dump, were at least 200 or 300 feet in 
length. No definite information was available concerning them, but 
fragments of coal and carbonaceous shale lie in the dump. On 
the east side of the creek a prospect having about 200 feet of tunnel 
and incline was dug by Mr. Crump eight or nine years ago. 

UPPEB UIOCENE COAL. 

Carbonaceous shale and thin beds of coal occur in the western 
end of the Priest Valley syncline, in T. 20 S., E. 12 E. On the soutJi 
Bank of the syncline outcrops of very carbonaceous shale and of 
coal are traceable from the southwest corner of sec. 25 northwestward 
through sees. 26, 27, 22, 21, and 17 to the center of the S. J sec. 8, 
and thence eastward through sees, 9, 10, and 11 nearly to the center of 
sec. 14. The easternmost outcrop of these beds that was discovered 
on the north flank of this syncline occurs along the divide between 
Priest and Waltham valleys, although carbonaceous beds are re- 
ported to outcrop about a mile southeast of that divide, in the H. ^ 
sec. 24. 

The carbonaceous beds occur within 1,500 feet of the top of the 
upper Miocene. About 150 feet above them is a fossiliferous zone 
that contains abundant specimens of the scallop shells Pecfen wattsi, 
Pecten nutteri, and Pecten coalingensis and of Thais {Purpura) 
etchegoiTiensis. This fossiliferous zone occurs in the upper part of 
the Etchegoin formation in the Coalinga region. For the most part 
the carbonaceous beds form poor outcrops, weathering character- 
istically to a loose, deeply cracked clayey soil that supports a some- 
what better growth of grass than the more sandy beds. They are 
probably best exposed south of Priest Valley post office, where the 
following section was measured; 

Section of carbonaceotis beds in tiE. \ tec. Zl, T. £0 8., R. IS E., a Quarter of a 
mile south of Priest Valley post office. 

Feat 
Sandstone, massive, gray, cross-bedded; fosaUlferons zone con- 
taining Thais (Purpura) etchegoinensis, etc., in lower 50 Ieet_ 275 
Shale, greenish brown ; contains numerous ironstone concre- 
tions and a thin bed of lignitic shale near buse 60 

Sandstone, reddish gray, concretionary, poorly consolidated— 8 

Shale, friable, greenish, stained reddish by Iron 11 

Shale, brownish, carbonaceous, very fissile 5 

Shale, drab, carbonaceous _ - 1 

Shale, brownish red, carbonaceous 3 
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Shale, Mnlab, soft and flaslle 

Sbale, brown, carbonaceous— 

Sandstone, gray, Interstratlfled with fissile gray shale 

Shale, soft and fissile; alternating bluish and brownish beds- 

Sandstone, somewhat pebbly; a few thin beds of brown shale 

Sbale, gray, iron stained; contains 2 to 4 Inch beds of carbo- 
naceous shale 

Shale, brown, carbonaceous; thin partings of bluish shale 

Not exposed (shale?) 

Shale, poorly exposed; contains at least one bed of carbo- 
naceous shale 2± feet thick 

Shale,' bluish gray, iron stained 

Shale, brown, carbonaceous, with streaks of coal 

Shale, light gray : 

Shale, carbonaceous, with streaks of coal 

Shale, light gray, Iron stained ; bed of carbonaceous sbale 

1 foot thick near middle 

Sandstone, yellowish, concretionary 

Sbale, brownish, carbonaceous, with streaks of coal 

Shale, light gray, with yellowish concretionary layers 

Shale ( 7) ; exposures poor but apparently show alternating 
tbin layers of clay shale and carbonaceous shale; fairly 
definite 10-Inch bed of brown carbonaceous shale near base. 

Shale, light gray, iron stained 

Shale, brown, cartionaceous, with streaks of coal 

Not exposed (shale?) 

Shale, light gray. Iron stained, increasingly sandy toward 

Sandstone, gray, iron stained, massive, cross-bedded. — 



The coal beds in the Priest Valley syncline have been prospected 
at three places — in Coal Canyon, which is a tributary of Waltham 
Creek; in sec. 21, south of Priest Valley post office; and in sec. 17. 
The following notes regarding these prospects were obtained mainly 
from Mr. Thomas Hart, of Priest Valley, 

The first prospecting was done about 20 years ago by Hart & 
Drabble on the north side of CoaLCanyon, in sec. 22, T. 20 S., B. 12 E. 
They ran a 60-foot tunnel, known as the Drabble mine, in what they 
called the " small vein," a bed 3 or 4 feet thick in the upper part of 
the carbonaceous zone, which is rather sharply separated from the 
main part of the zone by gray sandstone. About 2 carloads of coal 
was taken out and hauled to the railroad. The mine was then sold 
to a Mr. Bush, of Hanford, who ran a crosscut, starting a few hun- 
dred feet below the Drabble tunnel. This crosscut was about 390 
feet long in 1893 and had penetrated the following beds : ' 



CalUonila. Slate Mining Bureau Thirteenth R^t. State Mlneraloglat, p. B3, 1898. 
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Beds penetrated in crosscut in Coal Canyon, Cal. 

Feet. 
Soft gray aandatone , 200 

LlgM-blue compact clay 52 

Goal bed No. 1, carbosaceoua sbale and Beams of coal 4 

Soft gray sandstone and sbalea 28 

Gray compact ai^Uaceous aliale 7 

Coal bed No. 2, coal and Beams of sliale 3 

Sandy sbalea, passing Into clay shales 96 

390 
No more work was done until about 1907, when a company com- 
monly known as the Monterey Coal Co., or-the Pacific Coal & Clay 
Co., dug a 115-foot slope and a 35-foot tunnel in the ravine west of 
the old Bush and Drabble prospects. South of Priest Valley post 
office, in the NE. J sec. 21, the same company dug a 60-foot slope and 
a 115-foot shaft, with 75 feet of drift at the bottom. In sec. 17, west 
of the post office, small pits have been dug along the outcrop of the 
coal. According to Mr. Hart, the coal weathers down rapidly into 
small platy fragments. 

In sees. 20 and 21, T. 19 8., R. 11 E., about 4 miles southeast of 
Hepsedam, carbonaceous shale and thin coaly beds underlie an area 
of a little over half a square mile in a small syncline. These beds 
occur a few feet below the fossiliferous sandstone filled with Pectert 
tcaitsi that occurs above the coal in Priest Valley. A tunnel, which, 
according to Mr. Hart, is about 600 feet long, dug by the Pacific Coal 
& Clay Co., starts in beds that lie stratigraphically below the main 
carbonaceous beds but probably crosscuts them. At the time of 
visit tills tunnel was not open and no coal was seen in the dump. 

o 
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COAL. 

THE COALVILLE COAL FIELD, UTAH. 



By Cabboll H. Wbobuann. 



INTBOBTJCTION. 

One of the oldest coal-nuning districts in Utah is situated about 
30 miles northeast of Salt Lake CSty, in the vicinity of the little town 
of CoalTille, which lies in the valley of Weber River, High-grade 
subbituminous coal has been mined in thia district for over 60 years, 
and the mines now operating are large and well equipped. The coal 
beda, however, are involved in extensive rock folding and are broken 
by faults of considerable magnitude. The extent and limits of the 
coal-bearing area have therefore been in some doubt, and the present 
study was undertaken with the view not only of making a general 
geologic study of the area but of working out in detail the rock 
structure, correlating so far aa possible the coal beds exposed at the 
several locaHties, outlining the probable productive area, and making 
estimates as to the depths of the coal beds within it. 

The Coalville field as here defined ia situated in Tps. 2 and 3 N., 
Es. 5 and 6 E, Salt Lake principal meridian. The coal-bearing rocks 
of Colorado age have been brought to the surface by foldii^, which 
took place for the moat pari; prior to the deposition of the great mantle 
of Tertiary conglomerate belonging to the Wasatch formation that 
covers much of this region. Later erosion has removed the Wasatch 
over part of the fold and exposed the underlying coal-bearii^ rocks, 
which, 80 far as surface exposures are concerned, are separated from 
all others of the same age. 

The field work for this report was done by the writer late in Sep- 
tember and early in October, 1911, and in September, 1912. Pre- 
vious geologic work in the field and its mention in literature are briefly 
summarized below. 

In 1859 Capt. J. H. Simpson made a reconnaissance of a broad terri- 
tory including the Coalville field, and his results were published by the 
Engineer Department, United States Army, in a volume entitled 
"Explorations across the Great Basin of the Territory of Utah," con- 
taining a chapter on geology by Henry Engleman. A summary of 
his results also appeared in the Proceedings of the Academy of Natural 



162 CONTHIBUTIONS TO ECONOMIC GBOLOGT, 1913, PABT n. 

Sciences of Philadelphia for 1 860. Clarence King discusses the strati^ 
raphf and gLves a description of the Coalville field and mining opera- 
tions in the report of Uie United States Geological Exploration of the 
Fortieth Parall^, volume 1 , chapt^ 4, section 3, and volume 3, chap- 
ter 7. Hayden deeciibes the Coalville area hriefly in his fourth annual 
report. Mention is made of mining operations near Coalville in & 
book entitled "Resources of Utah, 1879," published by the Utah 
Board of Trade, and in certun of the reports of the coal-mine inspec- 
tor of the State of Utah. In 1890 the stratigraphy of the region was 
worked out in dettul by T. W. Stanton and published in Bulletin 106 
of the United States Geological Survey. The economic resources of 
the area were examined by J. A. Taff and briefly summarized in a 
report on the "Weber coal field," published in Survey Bulletin 285. 
A. C. Veatch, in "Geography and geology of a portion of southwestern 
Wyomii^" (United States Geological Survey Professional Paper 56), 
gives a ^ort description of the Coalville section for comparison with 
the section in Wyoming. His report contains also a very complete 
bibliography, which should be consulted by anyone interested in the 
study of this general region. 

TOPOGRAPHT. 

The difference in altitude from the flood plun of Weber Biver to the 
crests of the high divides which shut in tie valley of that stream is 
about 2,000 feet. These divides are composed of strata of tiie 
Wasatch formation, and in the vicinity of Coalville there are several 
escarpments of considerable height formed by sandstone beds of Cre- 
taceous age, which are here brought to the surface on the crest of tiie 
fold already mentioned. (See PI. VI.) 

The principal stream of the area is Weber River, which flows from 
south to north past the town of CoalviUe, where it is joined from the 
east by Chalk Creek, Two miles north of CoalviUe a smaller tribu- 
tary, known as Grass Creek, comes in from the northeast ; and at Echo 
City, 5 miles northwest of CoalviUe, the Weber is j oined by the stream 
of Echo Canyon, which flows southwest. The main line of the Union 
Pacific Railroad runs through Echo Canyon, and the Park City 
branch follows the Weber from Echo City to Park City. Spurs run 
to the mines on Grass Creek and Chalk Creek, in the Coalville field. 

GEOLOGY. 

BTBATIOBAPHT. 

The rocka exposed at CbaJville comprise a stratigraphic section 
about 9,000 feet in thickness, but, although the area has been studied 
by several geologists, the formation boundaries are by no means 
defimtely determined. A composite section, the ports of which were 
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measured at Tftrious places in tihe vicimty of CoalvUIe, ib preeented 
below: 

Slratigrapkie uetton at CoahUU, Utah. 

Tert. 

1. Top. CcmglomerEi'te of Wasatch formation; u expoeed im 

Echo Canyon over 1,000 feet thick but piobftbly teach- 
ing much greater thickueoKS in otber locaJitiee; color, 
varioua shades of red; contaioa bowlders 1 foot ot leas 
in diameter. tJnconfonuable on all older formations. . . 1, 000+ 

2. Soft beds, prevailingly nndy, usually concealed in 

grassy slopes; fossil leaves and freeh-water shells and 

thin beds ot conglonteiate occur at intervBls 2, GOO 

3. Beds prevailingly sandy but not veil exposed; contain 

marine shells 1,650 

4. Sandstone, white, coarse, forming the prominent ridge 

west of the town ot Coalville and also north of Dry 
Hollow _ 200 

5. Shale and thin beds of sandstone; at the base a coal bed, 

usually in two benches, formerly mined in Dry Hollow 

and at the Carleton mine 90 

6. Shale 880 

7. Conglomerate, brown; pebbles principally of limestone 

and sandstone, the largest 6 inches in diameter 40-100 

8. Shale (lacking in some sections, the conglomerate resting 

directly on the underlying sandstraie) ISO 

9. Sandstone, forming the pronounced cliS just northeast of 

the town of Coalville, probably equivalent to the 
Oyster Ridge sandstone member of the Frontier forma- 
tion of southwestern Wyoming 100-200 

10. Shale, pink at base 750 

11. Sandstone, in places conglomeratic 30-130 

12. Coal bed, locally known as the "Wasatch" bed, mined at 

Coalville &-12 

13. Sandstone, in some sections very shaly 40-80 

14. Shale and mndstone alternating, wMte and gray, with 

numerousbedsofpinkshale, especially toward the base. 7M 

15. Coal beds, thin, three or four exposed in Sfning Canyon, 

associated with carbonaceous shale 30 . 

16. Shale, terra cotta in color, with three thin beds of whit« 

or gray sandstone 850 



9,2S0± 



Stanton,' in his discussion of the fonnations of the area, states that 
fossils collected from the strata raiding from a horizon 100 feet below 
the thick bed of coal mined at Coalville to the bed of conglomerate 
about 1,000 feet above that coal belong to a single fauna, which is of 
Colorado age. This part of the section resembles f aimally and Utho- 
logically the Frontier formation of southwestern Wyoming, later 
described by Veatch, and doubtless represents at least a part of that 

' Stanton, T.W,, The Colorado (onnatlon and its InTertabnte fauna: U. B. Oeot. Surrey BulL 106, p. to, 
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formation. Whether or not the beds for 1,000 feet above tbe con- 
glomerate are also of Colorado age Stanton was uncertain at the time 
of the publication of his paper. Since then, however, he has come to 
believe that possibly the thin coal bed which lies about 2,000 feet 
above the ihick bed at Coalville, together with the next hi^er sand- 
stone bed (No. 4), should also be classed as Colorado. This belief is 
strengthened by some collections made by Veatch ' in southwestern 
Wyoming, where the fossil Inoeeramus exogyrmdes, which is character- 
istic of the Colorado group, was found at a horizon 3,000 feet above that 
of bed No. 4 of the Coalville section. Evidence against the Colorado 
age of this coal and associated beds is furnished by a collection of fossil 
leaves which Stanton obtained about 45 feet above the highest coal 
in the Coalville area. These leaves were at first assigned by Ejiowl- 
ton * to the Laramie but are now beheved by him to be of Montana 
age. The later determination accords with Stanton's original state- 
ment that the top of the beds of Colorado age may be marked by the 
bed of conglomerate (Xo. 7) 1,000 feet above the thick coal bed at 
Coalville. The age of Nos. 2 and 3 of the section is also in doubt. 
The fossil collections indicate that No. 3 is marine. No. 2, up to the 
base of the conglomerate exposed on the Echo Canyon-Grass Creek 
divide, contains fossil leaves and fresh-water shells. Veatch describes 
a formation of shales and sandstones in southwestern Wyoming 
which he terms the Hilliard formation and which overUes the Frontier 
formation and is from 5,600 to 6,800 feet thick. This formation ia 
marine, as indicated by the invertebrate fossils found at several hori- 
zons in it. It is probable that the coarseness of the materials, appar- 
entty occupying the same position at Coalville, is due to the fact that 
they were deposited nearer the shore line of the ancient land mass from 
whidi they were derived than the beds of southwestern Wyoming. 
This conclusion is supported by the sandy nature of the beds at Coal- 
ville that occupy the stratigraphic position of the Hilliard formation, 
and by the presence at Coalville of the conglomerate bed (No. 7) which 
is lacking in the Wyoming area, unless it is represented, together with 
the sandstone of No. 9, by the Oyster Kidge sandstone member of the 
Frontier formation, which is in some places conglomeratic. If the 
above-stated hypothesis is correct exact correspondence between the 
beds at Coalville, deposited in shallow water, and those in Wyoming, 
laid down farther from the ancient shore line, is not to be expected. 
The conglomerate of Echo Canyon (PL VII, B) has been correlated 
by Veatch ' with the Almy formation of southwestern Wyoming, 
which appears to be conformable ui that area on the underlying 

■ VMtoh, A. C, OeccraphyandEeolosyotapratkaiotKiutbwcsldm W7amJiie,irlth ipedal relerimca to 
coalandoll; II. 8. G«aL Surre; ProL FaperG6, p. Be, 1007. 
■Enolrlton, F. H., FknofthtUfQlaiiafarmaliiiKi: U.S. Oeol. Borvar BulL 16S, p. S, IMO. 
>'0p. cut., p. 80. 
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Evanston fomiation. The Evanston is separated by a great uncon- 
formity from the underlying Adaville, which oTerliea the Hilliard. 
If divisions made in souUiwestem Wyoming could be applied to tbe 
Coalvitle section, there should be between the highest marine beds and 
the con^faerate of Echo Canyon two fresh-water formations, the 
Adaville and the Evanaton, separated by a great imconformity. 
Unfortunately the base of the conglomerate in Echo Canyon is not 
well exposed on the Echo Canyon and Grass Creek divide and the 
fossils obtained from the beds underlying it are too few to serve as a 
basis of correlation. 

The ^e of the 1,700 feet of strata below the thick coal bed mined at 
Coalville is also doubtful, as fossils are rarely found in them. A small 
collection obtained near the group of thin coal beds of No. 15 is said 
by Stanton to surest Bear River, but from the statigraphic relations 
exhibited ia the field these beds seem to be several thousand feet 
higher in the section than the Bear Kiver. 

From Stanton's observations near Rockport, Utah, 12 miles south 
of Coalville, there appear to be 4,700 feet of beds between the CoalviUe 
coal and the horizon that corresponds with the top of the Aspen forma- 
tion in southwestern Wyoming, which in turn overhes the Bear River 
where that formation is present.' In view of this fact, the occurrence 
of fossils suggesting the Bear River only 850 feet below the Coalville 
coal is worthy of note. In southwestern Wyomii^ the lower beds of 
the Frontier do not have the pink and red tints which are exhibited 
by the lowest beds exposed in the Coalville area. 

From such evidence as is given above it is perhaps unsafe to draw 
any conclusions, but it seems probable that the beds exposed at 
Coalville from the base of the section at least to the conglomerate 
1,000 feet above the "Wasatch" coal bed mined at Coalville are of 
Colorado age and belong to the Frontier formation. From the 
evidence pf the plants collected by Stanton above the upper coal at 
Coalville it seems necessary to iufer that the strata above No. 6 are 
not older than the Montana group and probably include the eqmvalent 
of part at least of the Hilhard formation described by Veatch. If, 
however, the evidence of the invertebrates is considered without 
reference to that furnished by the fossil plants, the line between the 
Colorado and Montana should probably be drawn considerably liigher 
in the section, as suggested by Veatch — somewhere in the strata 
above the sandstone of No. 4. If it were drawn 1,200 feet above 
this sandstone it would mark the transition from marine to fresh- 
water deposits. 

The following list of fossils with determinations and notes by T. W. 
Stanton, F. H. Knowlton, and W. H. Ball is given as bearing on the 
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age of the rocka exposed at Coalville. For a full discussion of the 
paleontology of the r^on reference should be made to Stanton's 
work, already cited.* 

Pour milM north at Coftlville, in aec. 21, T. 3 N., R. 5 E., about 630 feet below the 
base of the congloinerate in Echo Canyon: 
Querciu pp. 

Ficils pseudo-populus Leaqueieux. A foim regsitded by Enowlton ae poot- 
lanmie, deecribed originally from specimenH obtained at Evsnston and 
Green River, Wyo. 
Ficiu pknicoetala Leequereux. Occun in beds at Black Buttea, Wyo., le- 
guded by Enowlton aa of poet-I^raiaie age. 
Seven miles northeast tA Coalville, in the SW. i sec. 33, T. 3 N., B. 6 E., 210 feet 
above base of No. 2 of the section on page IG3: 

Small narrow leaves not well preserved, probably Salix or Sapindus. 
About li milee south of Coalville, in the NW. J eec. 21, T. 2 N., R. 5 E., near the 
bMe of the Wasatch formation: 

lAnd snail of the genus Polygyn, undeacribed. Much more like the recent 
Polygyras than any of the Eocene epeciee heretofore descrihed froin the 
western Tertiary. 
In Clark's Canyon, 8 miles northeast of Coalville, upper surface of sandstone of No. 4: 

Ostrea aoleniscus Meek. This species has a great vertical range. 
Fewkes Canyon, 7 miles northeast of Coalville, from No. 4 sandstone: 
Ostrea coalvillensie Meek? 
InoceramuB sp., poseibly I. erectua Meek. 
Indd Canyon, 7 milee northeast of Coalville, about the horixon of sandstone of No. 3: 
Ostrea coalvillenms Meek. 
Avicula ap. 
Barbatiasp. 
Corbicula sp. 
Cardium sp. 
Mactn aienaiia Meek. 
Ccvbula sp. 
Chemnitzia sp. 
Melania sp. 
East of Huff Creek, 3 miles n«Hi of Upton, from 20-foot bed of oystera above coal 
bed: 

Ostrea coBlvillenfde Meek. This species is associated with the coal bed of No. 
5 and is probably confined in the Coalville field to that part of the section. 
Three miles east of Upton, in Judd C&nyou, about 400 feet above the base of No. 3: 
Ostrea sp. 

Inoceramus erectus Heek. 
About 2i milee above the mouth of South Fork of Chalk Cieek, in the 8W. i sec. 11, 
T. 2 N,, B. 6 E., from an isolated espoeuie of Cretaceous rocks on the north side of 
the creek: 

InoceiamuB labia tus Schlotheim. 
Tellina modesta Ueek7 
Mactra enunonsi Meek? 
Probably from a horizon h%her than that of the "Wasatch" coal bed (No, 12). 
This collection has a bearing on the probable position of the "Wasatch" coal in this 
area, which is for the most part covered by Wasatch. 

iL Smrey BulL UM, 1803. 
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HiJf a mile south of Coalville, about 30 feet below the "Waaatch" coal bed (No. 12): 
Oetiea ealeniscus Heek. 
Tellioa modeeta Meek. 
Glauconu coalvillensis Meek. 
Tbeee species belong to the fauna of the Colorado group and indicate a Eone included 
in the Frontier formation in western Wyoming. 

Three miles east of Coalville, in the NE. i see. 11, T. 2 N., B. 6 E., from strata 
apparently just below coal beds of No. 15: 
Ostrea soleniscus Meek. 
Modiola multilinigera Meek. 
Barbatia microneua (Meek). 
Horizon in the Colorado group, probably below the "Wasatch" coal bed (No. 12). 
A quarter of a mile northeast of the last collection, in the SW. i sec. 1, T. 2 N., R. 
6 E., from strata between coal beds of No. 16: - 
Ostresep. 

Corbicula durkeei MeekT 
Pachymel&nia? ap. 
Pyrgulifera ap. 
Thia little collection is atronglyau^eative of the Bear Rlverfauna, but none of the 
fossils can be identified as typical apecimens of Bear River species, and the collection 
is too meager to justify any positive statements about it. With the possible exception 
of the Oatrea it ahowe nothing in common with the preceding collection. 

Two miles up Spring Canyon, in the NW. } sec. 26, T. 2 N., B. 5 E., from sand- 
Btone ledge below coal beds supposed to belong to No. 16: 
Ostrea ap. 
Anomia sp. 

Modiola multilinigera Meek? 
Carfium? ap. 
Cyiena? sp. 
So &r as can be determined from these fossils the horizon might be either near the 
local base of the Cretaceous or in No. 5. 

STRU'CTUBB. 

The structure of the rocks in the Coalville area is that of a shghtly 
overturned anticline. (See Pis. VIII, A, and XI.) On the north- 
west limb of this anticline the beds rise toward the southeast with 
dips of 15° to 30° and strike of N. 47° E,, flatten rather abruptly on 
the broad, flat top ot the fold, and descend precipitously on the 
southeast side with a strike of about N. 20" E. The whole thickness 
exposed at the surface, or about 9,000 feet, ia involved in the fold, 
• the coal descending in the syncline on the southeast from a surface 
altitude of 6,500 feet to approximately 500 feet below sea level and 
rising again to the surface about 4 miles east of the anticline, on the 
northwest flank of a second fold which is probably connected on the 
north with the folds southwest of Evanston, Wyo, The south end 
of the Coalville antichne is obscured by the overlying Wasatch 
formation. 

Several miles northwest of the Coalville anticline another and 
more abrupt fold brings the Cretaceous rocks to the surface in the 
valley of Weber River, 2 or 3 miles below Echo City. The fold is 
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very narrow and apparently parallels that at Coalville. Whether or 
not this is the continuation of a told which appears on Lost Creek, 15 
miles northwest of the Coalville field, is uncertain. Lost Creek 
flows in what is apparently an antichnal valley, the coal-bearing 
Cretaceous rocks being exposed well up in the hills on each side. 
Between the Lost Creek and Coalville anticlines hes the syncline of 
Echo Canyon, which involves to some extent the strata of the 
Wasatch and is probably much more pronounced in the underlying 
Cretaceous formations. (See PI. VII, B.) 

In the Coalville anticline, north of the town of Coalville, the beds 
strike about N. 35° E. Near the town, however, the strike changes, 
so that in the vicinity of the Sargent mine, on the west side of the 
Weber, it is N. 19° E. The upper beds hold the same strike for about 
a mil© farther south to the point where they are cohered by the 
overlying Wasatch deposits. (See PI. VI, A.) They give no indica- 
tion of a minor fold which involves the lower beds just southeast of 
the town of Coalville, The outcrop of the principal bed of coal, the 
"Wasatch" bed, formerly mined at the town, takes a direction 
approximately north and south at the old Buell & Bateman mine 
and, swinging to the southeast, is opened at the mine of the Superior 
Fuel & Briquette Co. From this place it swings to the northeast and 
east, thus outlining the small fold above mentioned, and is opened 
on the north end of the adjoining syncHne at the old Howard mine 
in the NW. i sec. 15. From this opening it can be traced a short 
distance to the southeast but is soon lost under the cover of Wasatch. 
It probably turns again in a south or southwest direction to conform 
with the strike of the coal beds exposed in Spring Canyon, but how 
far south it may extend before connecting with the outcrop marking 
the southeast side of the fold it is impossible to determine. The 
coal beds in Spring Canyon (PI. VIII, B) appear from their position 
and the character of the associated strata to represent those north of 
The Narrows at Chalk Creek, which he 860 feet below the "Wasatch" 
coal bed exposed at the Hoffman mine. (See PI. VIII, A.) If the 
coal in Spring Canyon really belongs to this lowest coal group the 
antichne probably continues for a considerable distance farther south 
and may be directly connected with the anticline which crosses . 
Weber River 1 J miles south of Wanship. 

A'little north and east of Coalville, at about the middle of the fold, 
a block of strata 2 miles in width from northeast to southwest has 
been dropped by faulting with reference to the adjacent beds. The 
faults bounding this block on the northeast and southwest are by 
no means simple ones. On the southwest four distinct faults may be 
observed distributed through a distance of IJ miles, Hie downward 
movement of the central block being thus distributed along four 
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different lines of fracture, although greatest along that shown in 
Plate VT, B. The fault bounding the displaced block on the north- 
east is apparently a simple fracture where it cross^ Grass Creek, 
but a short distance to the south it breaks up into a number of faults, 
as is shown by an isolated mass of coal set off on each side by faults 
in the middle of sec. 27, T. 3 N., R. 5 E. (See Pb. VIII, B, and XI.) 
Numerous small faults have been noted in the northeastern workii^ 
of the Wasatch mine in the NE. i sec. 3, T. 2 N., R. 5 E., and it is 
probable that these faults will be found to increase in size as the great 
fault is approached. The flattenii^ of l^e rocks on the crest of the 
fold, which is approximately 3 miles in width, accounts for the fact 
that whereas the upper coal on Gress Creek is displaced less than 
half a mile by the great fault which crosses sees. 23, 26, and 35, 
T. 3 N,, R. 5 E., the lower bed outcropping farther to the southeast 
and thus nearer to the top of the fold is displaced by the same fault 
a horizontal distance of over 2 miles. (See PI. XI.) The movement 
was probably vertical, the block southwest of the fault being dropped, 
and the horizontal displacement may thus be accounted for by a 
movement of only a few hundred feet in the gently dipping beds 
near the crest of the fold. The trace of the fault to the south is 
somewhat uncertain. It is possible that the abrupt change in dip 
at The Narrows, in the SW. i sec. 12, T. 2 N., R. 5 E., is in line with 
it, but whether or not it passes between the coal exposures in the 
SW. i sec. 1 and the NE. J sec. 11 of the same township is unde- 
termined. 

The abrupt change in strike of the rocks at the northeast end of 
the fold is noteworthy. The beds on Grass Creek strike approxi- 
mately N. 60° E., and this strike changes abruptly near the mine of 
the Union Fuel Co, to S. 52" E. Holding this direction for about 2 
miles across the northeast end of the field, it again changes abruptly 
at the old prospects in Fewkes Canyon to S. 36° W., the two bends 
thus produced being almost right angles. (See Pis. VIII, A, and 
XI.) 

The periods of folding and faulting in this region can be fairly well 
determined. Except for, the unconformity marked by the con- 
glomerate 1,000 feet above the principal Coalville coal, the series of 
strata 9,000 feet thick exposed in this area appears to be conform- 
able. It is evident from the comparative regularity of the beds 
underlying the conglomerate that the deposition of these beds was 
not preceded by any great amount of erosion or any period of folding. 
The unconformity at the base of the Wasatch, which overlies the 
other formations exposed in this area, is great and is probably to be 
correlated in part at least witii the great unconformity at the base 
of the Evanston formation in southwestern Wyoming, which ia said 
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by Veatch' to denote "a long period of folding, faulting, and ero- 
sion," indicating in the Wyoming area an unconformity of orer 
20,000 feet. It seema fair to assume, therefore, that t^e folding and 
faulting that are apparent in all the rocks exposed at Coalville below 
the conglomerate of the Wasatch formation took place during the 
period denoted by this imconformity. Certainly they took place 
after the deposition of the lower part of No. 2 in the stratigraphic 
section given on page 163 (the apper part is not well exposed) inas- 
much as these beds were involved in the movement, and they took 
place for the most part before the deposition of the conglomerate, 
for the Wasatch strata are but little disturbed in comparison with 
the strata on which they rest. 

It is true that a certain amount of movement took place after the 
deposition of the Wasatch, and this movenient appears to have been 
in the main, though not invariably, along the same lines of weakness 
as that which preceded the deposition. For example, the syncline 
of Echo Canyon, into which the Cretaceous strata on the northwest 
flank of the Coalville anticline dip at an angle of 29° is indicated in 
the overlying Wasatch by a comparatively gentle structure. (See 
PI. VII, B.) Southeast of Coalville, in sec. 22, T. 2 N., R. 6 E., just 
north of Spring Canyon, strata of the Wasatch formation dip 7° NW. 
The strike exactly paralleb the strike of the older beds which outcrop 
three-quarters of a mile farther up the canyon and dip at an angle 
of 26°. (See PI. VIII, B, and XI.) Wasatch beds exposed in sec. 
26, T. 2 N., R. 4 E., dip 7° S. and strike east, whereas the older rocka 
&q)osed 1 mile to the north dip 10**-15° NW, and strike approxi- 
mately N. 20° E. (See PI. VI, A, and XI.) If an eastr-west fault 
with downthrow on the south had broken the strata at this place 
prior to the deposition of the Wasatch beds, and if movement along 
the same fault plane had taken place subsequent to the deposition, 
just such conditions might have resulted. The same dip inight, 
however, have resulted from a post-Wasatch uplift of the major 
part of the dome without faulting, so that the presence or absence 
of a fault here is undetermined. In the NE. } sec. 2, T. 2 N., R. 5 E., 
near the line of the great fault whjdi crosses that section, Wasatch 
beds dip at an angle of 20°, which is xmusually great in comparison to 
the dip of these beds in other parts of the field. It seems probable 
that postr-Wasatch movement along the Une of the great fault has 
produced the unusual dip, but it is also probable that the major 
movement along this fault plane took place prior to the Wasatch 
deposition, as, except for the increase in dip at this one locality, 
there is no surface evidence in the Wasatch formation of the presence 
of this fault, although the underlying Cretaceous beds give abundant 
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proof of its existence. In sec. 36, T. 3 N., R. 6 E./the ooal bed at 
the Boyer mine dips 12*' W., and the overlying beds of the Waaatch 
are practically horizontal. About a mile above the south fork of 
Chalk Creek beds near the top of the Cretaceous section stand on 
edge, although just south of the stream ^e beds of the Wasatch for- 
mation are horizontal. 

It seems evident, therefore, that two periods of movement are 
represented in the Coalville region. The first or more extreme def- 
ormation took place after the deposition of the topmost Cretaceous 
strata exposed in this area and before the deposition of the con- 
glomerate of the Wasatch formation, and the second and lesser 
deformation occurred some time after the deposition of the Wasatch, 
the movement as a rule merely accentuating the folds and faults 
already formed in the older rocks. 

That considerable erosion took place before the deposition of the 
conglomerate of the Wasatch formation is shown by the fact that 
undisturbed strata of the Wasatch may be found in some of the 
larger river valleys much below Cretaceous beds that outcrop on 
adjacent highlands. As the conglomerate of the Wasatch is more 
resistant to erosion than the Cretaceous strata, it forms many of 
the highest eminences in the region and not uncommonly the Wasatch 
filling of a pre-Wasatch river valley forms a line of hills. Such a 
condition seems to exist 2 miles northeast of Coalville, along the 
series of faults above mentioned, which cross the divide from Chalk 
Creek to Grass Creek. Along the zone of weakness formed by these 
faults a valley was excavated by erosion in pre-Wasatch time. This 
valley was afterward filled by gravel and bowlders, subsequently 
consolidated into the conglomerate of the Wasatch formation wliich 
may at the present time be observed outcropping at many points 
lower than the Cretaceous strata. (See PI. VIII, B.) The fact that 
the Dry Hollow coal bed does not outcrop south of the old Carleton 
mine is probably due, in part at least, to erosion prior to the deposi- 
tion of the Wasatch sediments, and the same may be said of the prin- 
cipal bed south of the old Howard mine. 

THE COAIi. 
QENEBAIi OHABAOTBB. 

Three beds of coal are present in the Coalville field. The principal 
one is tiiat mined on Grass Creek and at the Wasatch mine of the 
Weber Coal Co. and the mine of the Superior Fuel & Briquette Co. 
It is usually referred to as the "Wasatch" bed. The second in 
importance, the Dry Hollow bed, occurs about 2,000 feet above the 
principal bed and was formerly worked along Dry Hollow north of 
CoalvUle and at the old Carleton mine, in sec. 19. The lowest bed op 
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group of beds is tliat which is exposed in the prospectB in Spring 
Canyon, in sec. 26, and Will be termed for couTenience the Spring 
Canyon bed. It is doubtfully correlated with the coal exposed in 
the same township north of Chalk Creek, in the SW. i sec. 1, which 
is 850 feet bebw the "Wasatch" bed. 

At the time of this examination it was possible to obtain fresh 
material for analysis only from the "Wasatch" bed. Three analyses 
of this coal are given in the following table, together with one anal^s 
of bituminous coal of Frontier age from Cumberiand, Wyo., and two 
of sub bitujninous coals, one from the Eranston formation of south- 
weetem Wyoming and one from t^ Fort Union formation of the 
Sheridan field, m north-cenbal Wyoming. 

In the table the analyses are given in four forms, marked A, B, 
C, and D. Analyms A represents the composition of the sample 
OS it comes from the mine. This form is not weU suited for compari- 
son, because the amount of moisture in t^e sample as it comes from 
the mine is largely a matter of variable local conditions, and con- 
sequently analyses of the same coal expressed in tiiis form may vary 
widely. Analysis B represents the sample after it has been dried 
at a temperature a little above the normal until its weight becomes 
constant. This form of analysis is best adapted for general com- 
parison. Analysis C represents the theoretical cont^tion of the coal 
after all the moisture has been eliminated. Analysis D represents 
the coal after all the moisture and ash have been theoretically re- 
moved. This is supposed to represent the true coal substance, free 
from the most abundant impurities. Forms C and D, which are 
obtoined from the others by recalculation, represent theoretical 
conditions that do not exist. 

In the analytical work it is not possible to determine the proxi- 
mate constituents of coal or lignite with ihe some degree of accm-ac^ 
as the ultimate constituents. Therefore the air-drying loss, moisture, 
volatile matter, fixed carbon, and ash are given to one decimal 
place only, whereas the ash (in the xdtimate analysis), sulphur, 
hydrogen, carbon, nitrogen, and oxygen are given to two decimal 
places. The determination of the calorific value to individual 
units is not reUable, hence in the column headed "Calories" the heat 
values are given to the nearest five units, and in the column headed 
"British thermal units" they are given to the nearest tens, as the 
value of a British thermal unit is about one-half that of a calorie. 
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It will be Been from the aboye analyses that although the coal is 
high in heating value, ranging from 11,039 to 11,78S British thermal 
unite, it is also high in moisture content. It crumbles or slacks on 
exposure to ihe air and sunlight, and is therefore to be classed as a 
subbituminous coal. It is interesting to note that coal of the same 
age near Cumberland^ in southweetem Wyoming, 7S miles northeast 
of Coalville, is bituminous in grade, diffenng from that of Coalville 
in its lower percentage of moisture and in its ability to withstand 
exposure without crumbling. The Coalville coal is dense and brit- 
tle and is generally black in color but has in certain lights a some- 
what brownish cast. It is low in ash and its luster is vitreous. The 
powder is black. The bedding is massive, but when mined the coal 
breaks with a fairly good cleavage in two planes almost at right angles 
to each other. 

THE COAI. BBDB BT TOWNSHIPS.' 

T. 1 N., B. K E. 

" Wasatch" coal hed, — The northernmost mine on the ' ' Wasatch " bed 
in T. 3 N., R. 5 E., is the Tom Reese-Grass Creek mine, m the SW. i 
NW. 1 sec. 12. The coal is here from 7 to 10 feet thick, without part- 
ii^ of any kind. At the mouth of the elope the sandstone which 
overlies the coal dips 34° NW., contains numerous conglomeratic 
layers, and is from 25 to 30 feet thick. In the mine there are places 
where shale appears to come in between the coal and the overlying 
sandstone, so that the roof of the coal is at these locahties formed 
by shale. Considerable difficulty is encountered by the "heaving" 
of the shale floor, which in some places amounts to as much as S feet. 
The capacity of the mine is from 150 to 200 tons a day. The method 
of mining is in general that employed by all the mines in this area, 
a slope being run down the dip of the coal bed and the entries being 
driven along the strike of the bed with just enough inclination toward 
the slope to allow free drainage. The rooms are turned up the slope 
from the entries. 

Three-quarters of a mile southwest of the Tom Reese mine are 
some abandoned mmes formerly worked by the Union Pacific Co. 
In sec. 14 the "Wasatch" bed is broken by a normal fault trending a 
little east of south. Although the vertical displacement of this 
fault may not be great, the outcrop of the coal, because of the flat- 
tening of the anticline near its crest, is displaced horizontally more 
than 2 miles, the bed reappearing m the NW. \ sec. 2, T. 2 N., R. 5 E. 
Where the fault cuts the sandstone ledges in the southern part of 
sec. 23, T. 3 N., R. 5 E., it appears as a simple break, but south of 
this [toint it apparently divides, the movement being distributed 

' In the following daiaiptlou frequent referenM should be m&de to tbe ([eneral nup, PI. IXL 
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along several planes approximately parallel to one another. This 
diviaion is shown by the isolated mass of coal outcropping in Bull 
Hollow, near the center of sec. 26 of this township, which is separated 
by a fault from the outcrop of the main bed on the northeast and 
by a second fault from the outcrop of the main bed on the southwest. 
This isolated masa was formerly worked and yielded considerable 
coal. 

Dry BoUow coal hed. — The Dry Hollow bed, occurring about 2,000 
feet stratigraphically above the"Wasat«h"bed, has been prospected 
at several places just north of the road in sees. 26 and 27, but no 
extensive mining has been done. The bed is reported to lie in two 
benches, the thicker of which is from 2 to 2^ feet thick. Because of 
the caving of the old prospects it was impossible to obtain an accu- 
rate measurement. In the southern part of sec. 27 the coal outcrop 
may be traced across the road and southward up the slope into Dry 
Hollow, the change in direction of the outcrop being due in some 
degree to a bend or slight fold in the strata, but for the most part to 
the difference in altitude on the Grass Creek and Dry Hollow divide. 
Along Dry Hollow the bed was formerly mined to a shght extent in 
several places, and a partial section of the bed measured at an old 
prospect in sec. 33 is as follows: 

Section of ooal bed in Dry Hollow. 

Shale, carbonaceous. Ft. in. 

Coal 2 2 

Shale 11 

Coal 5 

Shale, brown, with atreakB of coal I 

Shale, gray 3 

Coal, thickness undetermined, probably not over 20 inchee. 

6 8} 

The bed m Dry Hollow dips 23" NW. and in the SE. J sec. 33 ia 
broken J>j a small fault, the downthrow being on the northeast side. 
A similar fault occurs in the SW. J of the same section, near the 
township line. 

Northeast of the great fault in the eastern part of the township 
already described, the Dry Hollow coal has not been found, although 
the sandstone which occurs about 100 feet above the bed can be 
followed along the slope northwest of the Tom Keese mine. The 
bed probably occurs in this locality, but it may perhaps have thinned 
or been replaced to some extent by carbonaceous shale, so that its 
outcrop is not easily observed. A bed believed to lie approzimately 
at the same horizon outcrops 8 miles to the east, in the KE. I sec. 13, 
T. 3 N., R. 6 E., where it is about 2 feet t\ack. The bed has not 
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been found in the interval between these exposures, unless the coal 
bed 18 to 24 inches thick in the SE. J sec. 16, T. 3 N., R. 6 E., is at 
this horizon, which seems rather doubtful as it is immediately ovei^- 
lun by a bed of sandstone which forms a rather pronoimced escarp- 
ment. 

T. 3 N.. a. S K. 

"Waaateh" eoalhed. — ^The northernmost openit^ of the "Wasatch" 
bed in t. 2 N., R. 5 E., is at the old 'mison mine, in the NW. \ 
sec. 2, wiuch is now abandoned. The Wasatch mine, the most 
exteoBive and the oldest working mine in the field, is situated in the 
SW. i sec. 3. The coal ranges from 9 to 13 feet in thickness and is 
without shale or bone partings. The dip of the bed is about 10*^ 
WNW. A number of minor faults having an upthrow on the north- 
east are encoimtwed in the mine, especially in its northeast entries, 
and the coal adjacent to them is shattered to some extent, increasing 
the percentage of slack, which is separated by screening. The capac- 
ity of the mine is about 500 tons a day. The outcrop of the "Wasatch" 
bed extends from the Wasatch mine south-southwestward into the 
NW. i sec. 10, where it is broken by a fault with a downthrow on the 
northeast, the outcrop being displaced half a mile horizontally and 
reappearing in the SE. \ sec, 4, where it was formerly worked in the 
Allen Hollow mines, now abandoned. It is reported that consider- 
able faulting was encountered in these nunee, the principal move- 
ment having taken place aloi^ a comparatively narrow fault zone 
and being the equivalent of that which was distributed among the 
four faults which break the Dry Hollow coal to the northwest at 
intervals of about half a mile. 

The outcrop of the "Wasatch" bed is concealed across the flood 
plain of Chalk Creek but is exposed in tiie town of Coalville, where the 
bed was formerly worked at the Buell & Bateman mine in the NW. J 
sec. 16, which is probably the same as the Sprague mine described 
by Clarence King ' as having been worked in 1S69. King states that 
at the Sprague mine the coal "averages 11 to 14 feet in thickness, 
resting on a cream-colored sandstone and roofed by thin strata of 
the same material, which passing upward alternate with bands of 
shale and sandstone." The mine was overburdened with water at 
a depth of 50 feet, which marked the lowest workings. The bed 
dipped 14" W. A report is current in Coalville to the ^ect that 
the "Wasatch" bed was found to thin abruptly to the west in the 
Buell & Bateman mine, the coal being cut out by a "sand roll" or 
deposit of coarse sand and gravel in the roof of the bed. Considering 
the swiftness of the water currents by which tiie sandstone above 
the coal was deposited, as shown by the coaraeness of the material, 

O. 3. Oeol. ExpL 4SKb Pai., vol. 3, cbap. 7, 1870. 
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it is not unHkely that the coal was eroded to some extent in certwi 
localitiee before the deposition of the overlying sandstone and con- 
glomerate. It is not probable, however, that such erosion was 
Qxtensive or that the character of the coal bed was affected by it over 
any considerable area. 

The depth of the coal below the surface on the west side of the 
river has been variously estimated. la the NE. i SW. } sec. 17 a 
bed of conglomerate is exposed, which may represent the conglomer- 
ate of No. 7. (See PI. VT, A.) It appears to be, however, 1,300 
feet below the coal at the Sargent mine, whereas on Grass Creek the 
base of conglomerate No. 7 is only 950 feet below the Dry Hollow 
coah, which is taken to be the same bed as that exposed at the Sargent 
mine. If the structure between the exposure of conglomerate in 
sec. 17 and the Saigent mine is regular and the measurement of 1,300 
feet therefore correct, it must be supposed either that the thickness 
of the shale of No. 6 is much greater on the west side of the river 
than on Grass Creek, or that the conglomerate exposed in sec. 17 is 
lower than No. 7, being perhaps a conglomeratic phase of sandstone 
No. 9. In the latter case the "Wasatch" coal bed is only about 750 
feet below the surface at the outcrop of the conglomerate. If the 
conglomerate is in reahty that of No. 7, the coal is probably 1,100 
feet below its base. The drill alone can solve the problem. At the 
Salient and Carleton mines, as well as at all outcrops of the Dry 
Hollow coal, the "Wasatch" bed is a httle more than 2,000 feet 
below the surface, as the stratigraphic int«rval between the two 
beds is approximately that amount. 

A short distance south of the BueU & Batemau opeaing and weet 
of the road a shaft, now fiUed with water, has beea sunk to the coal. 
From this place to the mine of the Superior Fuel & Briquette Co., a 
distance of three-fourths of a mile, the coal outcrop is concealed in 
the flood plain of Weber River. From dip and strike readings taken 
on thin beds of calcareous sandstone known as the "Diamond rock," 
which underlie the " Wasatch" bed at a distance of about 30 feet, it 
is evidmt that the outcrop of the coal swii^ somewhat sharply to 
the east in the SE. i SW. i sec. 16. At the Superior Fuel & Briquette 
Co.'s mine the coal bBdstrikesN.48°E. and dips to the south. The bed 
here ranges from 7 to 9^ feet in thickness, but the percentage of slack 
in the coal is considerably increased by ntmierous small faults that 
are encountered at several places in the mine. The capacity of the 
mine is about 150 tons a day. The coal is overlain by 2 feet of shaly 
sandstone, 6 inches of shale containing numerous shells, and 10 inches 
of calcareous sandstone, overlying which is a bed of con^omeratic 
sandstone 30 or 40 feet thicJc. From the Superior Fuel & Bri- 
quette Co.'s mine the outcrop of the coal swings northeastward for 
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a distance of half a mile to the old Dexter mine, in the NE. I SE. } 
sec. 16. The strike 13 here about north and the dip 21° E. The Dex- 
ter mine, which is aow abandoned, is one of the old mines of tihe field 
and from it, to judge bj the size of the slack piles, a considerable 
amount of coal was removed. North of this mine the outcrop is con- 
cealed, but it apparently extends north and then east, outUning the 
ayncline described on page 168, to the old Howard mine, in the NW, J 
NW. i sec. 15, where it strikes N. 69" W. and dips 16° SSW. Only 
a small amount of coal was removed at the Howard mine, which has 
long since been abandoned. From this place the outcrop probably 
swings to the southeast and then south, but its exact location is uncer- 
tain. An outcrop of white sandstone, believed to be the bed over- 
lying the coal, appears 800 feet southeast of the old mine opening, 
but to the southeast the coal-bearing rocks are concealed by the cover 
of conglomerate of the Wasatch formation. Whether or not the coal in 
the syncline in the western part of sec. 15 and the eastern part of 
sec. 16 is broken by faulting, it is impossible to say. The Union 
Pacific Coal Co. has put down a number of drill holes in this area, 
but no definite information could be obtained concerning them. It 
ia reported at Coalville that coal was struck in all these holes. It 
seems probable that south of sec. 15 the coal-bearing formation was 
eroded in a pre- Wasatch valley before the deposition of the Wasatch 
formation. The depth of the coal below the surface does not, in all 
probability, exceed a few huadred feet. If the structure of the coal- 
bearing formation in general conforms to the less marked structure 
of the overlying Wasatch, it is probable that the coal outcrop swings 
somewhat, to the west to conform to the strike of the Wasatch beds 
in the SW. i sec, 22. The strike of these beds conforms to Uiat of 
the coal-bearing formation exposed in Spring Canyon, and this makes 
it more probable that the strike of the coal bed in this locality follows 
the same direction. In that case the concealed outcrop of the 
"Wasatch" coal would underlie the valley of the Weber somewhere 
near the site of the httle town of HoytsviUe. If, however, an exten- 
Mve fault which is concealed by the overlying mantle of Wasatch 
strata has brokeu the outcrop of the coal south of the area in which 
surface exposures occur, it is of course impossible to make any pre- 
dictions concerning the probable location of the coal bed. 

Dry HoUov) bed. — The Dry Hollow bed has been prospected in the 
NW. 1 sec. 4, near the township line. A quarter of a mile southwest 
of this place the bed is broken by a fault which is apparent in the 
overlying sandstone, the outcrop of the coal being obscured. Near 
the middle of sec. 6 the bed is broken by a second fault having a 
downthrow on the north, as shown by the relation of the sandstone 
ledges, the coal itself not being exposed. Two small faults break 
the bed in the NW. i sec. 8, the downthrow in each being to the 
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north. The coal bed has been prospected in the SW, J sec. 8 but 
is entirely concealed between thifl place and the exposures in Dry 
Hollow. The coal has also been opened at the Sargent mine, in the 
SE. 1 SE. i sec. 18, where it is reported by one of the owners to be 
31 inches thick and to be overlain by 2 feet of black shale with sand- 
stone above. A report is current in Coalville to the effect that the 
Dry Hollow bed wherever it has been opened consists of two benches 
separated by 18 inches of shale. The Sargent mine was so caved at 
the time of the examination that an exact measurement could not 
be obtained. The correlation of the coal at the Sargent mine with 
the Dry Hollow bed is somewhat doubtful, because of the increased 
thickness of shaje between the coal and the prominent sandstone 
ledge, the top of which, at the Saigent mine, is 450 feet above the 
coal. In Dry Hollow and on Grass Creek the top of this sandstone 
is only about 280 feet above the Dry Hollow coal. Mr. Stanton is 
of the opinion, from the fossil evidence, that the two coal beds occupy 
approximately the same horizon, and it seems more reasonable to 
assume that tiie beds at the Sai^ent mine and in Dry Hollow are the 
same, the difference in thickness of the overlying strata being due 
to differences in deposition in waters adjacent to the shore of a con- 
siderable land mass rather than to assume that there are two distinct 
coal lenses. In this connection it may be noted that the thickness 
of the shale between the coal at tlie Sargent mine and the con- 
glomerate doubtfully correlated with that of No. 7 (see p. 177) as 
exposed on Grass Creek is 1,300 feet (see p. 163), as compared with 
880 feet on Grass Creek, It is possible that all the shale members of 
the section ar6 thicker toward the west, " 

One mile south of the Sargent mine the Dry Hollow coal has been 
opened at what is known as the old Carleton mine, one of the oldest 
mines in the field and long since abandoned. The section of the bed 
is reported to be as follows: 

Sa^ion of Dry Hollow coal at Carltton mine. 



Coal 3 

The coal is not exposed south of the Carleton mine. The overlying 
sandstone can be traced for about a quarter of a mile to a valley 
which crosses the outcrop at thb point. South of the valley the 
surface rocks Consist of the conglomerate of the Wasatch formation. 
It has been believed by some observers that the coal-bearing beds 
are here cut off by a fault which crosses the outcrop almost at right 
angles, and this belief is to some extent borne out by the dip in the 
Wasatch beds south of the valley. (See p. 170.) The existing con- 
ditions can be adequately accounted for, however, by the presence 
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of B. pre-Waafttch valley eroded in the coal and the ovwlying sand- 
Btone, the valley being afterwards filled by Wasatch deposits. 

Spring Canyon bed. — In the NW. 1 sec. 26 two coal beds of rather 
doubtful value have been prospected on the north side of Spring 
Canyon. (See PI. IX, A.) At 100 feet below the lowest bed is a 
white sandstone about 35 feet thick, which forms a prominent escarp- 
ment on each side of the valley. The strike is N. 30° E. and the dip 26° 
NW. About 18 feet below the base of this sandstone a bed of car- 
bonaceous shale has been prospected, apparently without results. 
The section of the two coal beds 100 feet above the sandstone is as 
follows : 

Section of eoal beds in Spring Canyon. 

Coal, broken by several thin partiiigB of shale 3 6 

Shale 25 

Coal -■ 1 

Shale ■. 2 

Coal 6 

Shale I 

Coal 1 5t 

Shale •- 2 

Coal 1 2 

These beds are said to have been opened by the Buell &, Bateman 
Co., but the coal was too dirty to compete with that of the Wasatch 
bed. The outcrop of these two beds, tt^ther with that of the 
underlying sandstone, is concealed both north and south of Spring 
Canyon by the cover of Wasatch deposits. The exact position of 
these coal beds with reference to the Wasatch bed is unknown. 
They are apparently a considerable distance below it and are rather 
doubtfully correlated with two beds which have been prospected on 
the north side of Chalk Creek, in the NW. 1 sec. 11 and the SW. i 
sec. 1 . The beds at the last-named locality lie about 50 feet above 
a cliff-forming sandstone, and the several thin beds which consti- 
tute the coal group are distributed through a thickness of about 75 
feet of carbonaceous shale. A good measurement of the beds could not 
be obtained, but the thickest probably contains about 2 feet of rather 
bony coal. The underlying sandstone ledge may he traced northeast- 
ward across sec, 1 and thence eastward across the crest of the anticline 
to the SW. J sec. 32, T. 3 K., R. 6 E., where a showing of coal 
appears above it at the crest of a hill, (See PL VIII, A.) The out- 
crop of the sandstone over part of this distance is rather obscured 
and the tracing difficult. From the SW. i sec. 32 the bed may be 
traced southward across the western part of sec. 5, T. 2 N., R. 6 E., 
where it dips 90° on the vertical eastern limb of the anticline. 
From a measurement between the sandstone and the coal of the 
Wasatch bed, exposed at the Hoffman mine in the SW. J sec. 5, it 
appears that the coal group is approximately 850 feet below the 
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Wasatch bed. As stated above, the tracing of the sandstone ledge 
across the crest of the anticline is by no means positive. Should a 
strike fault exist near the crest or on the eastern limb of the incline, 
it would be very difficult to detect. It is believed, however, that the 
relations of the beds have been correctly determined. Fossils col- 
lected near the coal group in the SW. i sec. 1, T. 2 N., R. 6 E., have 
been discussed on page 165. 

T. a N., B. e E. 

" Wasatch" coal bed. — ^The " Waaateh" bed is worked at the Union 
Fuel Co.'s mme, in the SW. i sec. 18, T. 3 N., R. 6 E. Considerable 
faulting has been encountered in the mine and the coal has apparently 
been affected by slipping along the bed. Its thickn^s raises from 
5 to 13 feet. The st^e of the bed changes rather abruptly east of 
this mine, taking a direction of S. 50° E. 

A quarter of a nule southeast of the mine of the Union Fuel Co. is 
the opening of the old Church mine, from which a large amount of coal 
was taken some 40 years ago. Southeast of this mine the outcrop 
of the coal and of the conglomeratic sandstone which immediately 
overlies it is concealed across the crest of the Grass Creek and Chalk 
Creek divide. A little over half a mile southeast of the old Church 
mine is a small sandstone knob, which is probably formed by either 
the sandstone bed which underlies the coal or that which overlies it. 
From this place across the divide for three-quarters of a mile there is - 
no exposure of the coal-bearing formation, but in the NW. i SW, i 
sec. 21 the sandstone ledge which underlies the coal appears at the 
surface, dipping 8° NE. The ledge may be traced for a quarter of a 
mile southeastward, where in the SW. J SW. J sec. 21 the coal bed Just 
above it has been prospected. The strike is here N. 31° W. and the 
dip 25° NE. One thousand feet to the southeast the coal is also 
exposed, the strike changing abruptly to S. 35° W. (See PL VH, A.) 
The bed may be traced for a quarter of a mile to the southwest and 
has been opened in three different places with a reported thickness 
of 11 feet. The bed here dips 70° SE., but the dip increases rapidly 
to the southwest until the beds are vertical. For 2^ miles southwest 
of these prospects, to the openings in the SW. 1 sec. 5, T, 2 N"., R. 6 B., 
the coal is concealed, and the location of the bed can be determined 
only from its relation to the overlying sandstones, which are exposed 
east of it. Only an approximate estimate can be made of the depth 
below the surface, reached by the coal bed along the axis of the 
syncline, which lies west of the anticline above described. It is 
probably about 6,500 feet. For 1 mile east of the coal outcrop the 
overiying beds are vertical, but farther eastward they rise gradually 
at angles of 16° to 21°. The axis of the synchne is apparently a very 
sharp fold, the dip at the surface changing in a few rods from 90° to 
14° W. Whether or not there is faulting along the axis of the 
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syncline it is impossible to tell from surface exposures. If faulting 
exists, it is probably not great, as what are taken to be tbe same 
sandstone ledges appear within a few rods on each side of the syn- 
clinal axis. From the axis of the syncline the beds rise steadily 
toward the east for a little over 3 niUes, the "Wasatch" coal bed 
appearing at the surface in the NE. { NE. \ sec. 36, at what is known 
as tbe Boyer mine. This mine is not worked at present, but the coal 
is reported to be 8 feet in thickness. About 22 feet above it is tbe base 
of a sandstone 130 feet thick, which forms a prominent ridge on the 
north side of Chalk Creek. (See PI. X, A.) The dip is here 12° W. 
and the strike north. On the crest of the bill north of this place th" 
coal-bearing rocks are entirely concealed by the cover of Wasatch 
deposits, and, so far as known, tbe coal does not appear at the surface 
for a distance of 4 miles to the north. In the NE. j sec. 13, however, 
a bed of coal reported to be 5 feet thick was formerly worked at an old 
mine near a sprii^ on the west side of the Huff Creek road. This coal 
is 470 feet stratigraphically below the base of a prominent sandstone 
ledge and is possibly tbe "Wasatch" bed, but this corrdation is 
by no means positive. 

' Dry HoUow led.— 'in the NE. 1 sec. 13, T. 3 N., R. 6 E., about 2 feet 
of coal is exposed on tbe north side of a draw. Above tbe coal is a bed 
20 feet thick composed of oyster shells. These shells were formerly 
burned for lime, and the ruins of the old kiln are still standing. Speci- 
mens of these oysters were examined by T. W. Stanton, who states 
that they are a species usually associated with the Dry Hollow coal. 
Above the shell bed is a 10-foot bed of sandstone, and above that 
several hundred feet of shale, overlying which are two sandstone ledges 
separated by shale or soft sandstone. The two ledges together are 
perhaps 200 or 250 feet thick. On the surface of the upper ledge 
(PI. IX, B) were found specimens of Inoceramus, believed to be 
Inoceramus erectus, a species which in this field is characteristic of the 
sandstone above the Dry Hollow coal. On the evidence of this 
Inoceramus and the species of oyster, the coal associated with the 
shell bed is provisionally correlated with the Dry Hollow coal. 
The outcrop of the "Wasatch" bed (No. 12) should come to tbe sur- 
face about a mile to the east but is probably concealed by the strata 
of the Tertiary conglomerate. If tbe old mine in the NE, i sec. 12 
is on the "Wasatch" bed there must be either a sharp fold or a fault 
between it and the outcrop of the coal and shell bed just described. 
There is some evidence of such a fault near the north line of sec. 13. 
Opportunity was not afforded for more than a hasty examination 
of this locality. 

In tbe SE. J sec. 16 a bed of coal reported to be from 18 to 24 laches 
thick outcrops between two sandstone ledges, the upper of which is 40 
feet thick and has embedded in its upper surface great numbers of 
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lai^e shells of Osirea soleniseus. Below the coal is ahout 100 feet 
of soft sEDdatone, and below that a second ridge-forming sandstone. 
These sandstone beds appear to be the same as those which appear 
near Coalville above the Dry Hollow coal. The coal just described as 
occurring between the two sandstone ledges is probably a somewhat 
higher bed than the Dry Hollow. Its outcrop was not observed at 
any other locality, though coal is reported at about the same horizon 
in what is known as the Middle Canyon, 2J miles to the southwest. 

T. 3 N, R. s B. 

" Wasatch" coal hed. — ^The "Wasatch" bed has been opened in two 
places in the SW. J sec. 5, T. 2 N., R. 6 E., at what are known as 
the Hoffman mines, which are worked only to supply local demand. 
One of these mines is now on fire. The coal here occurs on the 
steeply dipping limb of the antichne, which appears to be slightly 
overturned, the strata dipping 78° W. (See PI, X, B.) The bed is 
10 feet thick, but contains several small lenses of shale which appar- 
ently represent a shale parting in the bed, the shale having been 
formed into lenses by the compression to which the bed has been 
subjected. Half a mile south of the Hoffman mine the coal is exposed 
on the east face of the hill just north of the Chalk Creek road, in 
the NW. i sec. 8. Below the bed is a sandstone ledge 79 feet thick, 
which forms the abrupt cliff known as Halfway Rock, on the north 
side of the road. It is reported that the "Wasatch" bed was opened 
just south of Chalk Creek, a few rods south of this locality. A low 
ridge of sandstone, which probably underlies the coal, may be 
observed trending in a direction a little west of south on the north 
slope of Elkhom Mountain and extending to the SW. i sec. 18, but 
south of this place the coal-bearing formation is concealed by the 
overlying Wasatch strata. An estimate of the depth of the 
"Wasatch" coal bed in the syncline, the axis of which lies a little 
over half a mile east of the outcrop of the bed, can be only approxi- 
mate. If the structure is regular and can therefore be inferred from 
the surface outcrops, it is probable that the coal descends to a depth 
somewhat below sea level, or, in other words, 6,500 feet below its 
surface altitude in this township. If the overturn of the beds is 
more than a local feature of the structure and extends far below the 
surface, the axis of the syncline at the great depth which it attains 
must he almost three-quarters of a mile west of the axis as it appears 
at the smface. Exposures of the pre-Wasatch rocks may be seen 
along South Fork of Chalk Creek for 2 miles above its mouth, 
but near tie head of that stream all exposures are concealed by the 
strata of the overlying Wasatch. . 

No outcrops of the Spring Canyon or Dry Hollow coal beds were 
observed in T. 2 N., R. 6 E. 
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THE MAP. 

Topography and geology. — The top<^raphy shown on the Kccom- 
paoying map was surveyed by H. L. Baldwin and Jeremiah Ahem 
in 1899 and 1900. The geolc^c mapping in Tpa. 2 and 3 N., E. 6 E., 
was done directly on the topographic map, a plane table being used 
in obtaining locations. The geologic mapping in Tpa. 2 and 3 N,, 
R. 5 !E., was done with a plane table and teleecopic alidade inde- 
pendently of the former topographic mapping, the two maps being 
afterward combined in the office. In the work a base Une 5,610 feet 
was measured from a point on the road near the schoolhouse just 
north of Coalville to a flag established near the east quarter comer 
of sec. 4, T. 2 N*., R. 5 E. From this base line control was expanded 
over the township. Elevations were calculated by vertical-angle 
readings, the United States Geological Survey benchmark 5607 near 
the road just north of town being used as a starting point. All loca- 
' tions were made by triangulation, no traverse work being done. 
Control was carried over T. 3 N., K. S E., from a base line, the ends 
of which were the fl^ in the SE. i sec. 34 and the sandstone point 
in the NW. ^ sec. S, these points having been established in the work 
on T. 2 N., R. 5 E. 

Land lines. — The land hnes as shown do not altogether agree with 
those as given on the topographic map. Section comers wherever 
found were located by triangulation, and the land lines were projected 
from the known comers according to the plats of the General Land 
Office. Where comers are shown on the map as found, the land lines 
may be considered as accurate in location. Where no comers were 
found, the lines are to be considered as more or less hypothetical. 
The original land survey of the area, part of which was made as early 
as 1S69, appears to have been conscientiously made. 

Strudure contours, — The structure contours as given on the map 
are drawn on the principal or "Wasatch" coal bed and represent 
absolute elevations above sea level. They are drawn from actual 
elevations taken along the outcrop of the coal bed, from elevations 
taken on various sandstone ledges between which and the ' ' Wasatch " 
bed the intervals were known, and from dip readings. Where out- 
crops are few, and consequently the data on which the structure 
contours are based are meager, the contours are to be understood as 
representing more the general structure of the region than the absolute 
depth at which- the coal bed lies. The approximate depth of the 
"Wasatch" coal below the surface can be calculated at any point in 
the area by subtracting the elevation as given by the structure con- 
tour on the coal at that point from the surface elevation. The depth 
of the Dry Hollow coal bed can be easily calculated from this result, 
as the stratigraphic interval between the "Wasatch" bed andihe 
Dry Hollow bed is 2,000 feet. 
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